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PAPERS 


BACK-WATER AND DROP-DOWN CURVES FOR 
UNIFORM CHANNELS 
By NAGAHO MONONOBE 7, M. AM. Soc. C. E. 


SYNOPSIS 


Most of the existing formulas for determining back-water and drop-down 
curves in open channels, are applicable only to channels of simple geometric 
cross-section. Moreover, these formulas usually yield inaccurate results 
because in their derivation the effects of variation of velocity head are neglected, 
or the coefficient, C, in Chezy’s mean-velocity formula is considered constant. 
In the present study, rational back-water and drop-down formulas are derived in 
such a manner that they are applicable to a wide variety of commonly used 
cross-sections. These formulas are based on accurate mean-velocity expressions 
of the exponential type, and make full allowance for velocity-head effects. The 
results of numerous tests in experimental channels are presented, and 
these results are compared with values computed by existing formulas and by 
the new formulas derived by the writer. In a thorough treatise entitled 
“Hydraulics of Open Channels”, B. A. Bakhmeteff, M. Am. Soc. C. E., has 
also introduced the hydraulic exponent to express the characteristics of a 
channel cross-section. The writer’s manuscript was prepared independently 
and has the merit of simplifying the computation in its application to various 
eases. This statement does not imply a criticism of Professor Bakhmeteff’s 
treatment, but is intended merely to establish a line of demarcation, in 
the hope that discussers will avoid confusing the two treatments. 


{.—FuNDAMENTAL FormMULAS For Back-WatEer And Drop-Down Curves 


In a channel having constant discharge, uniform cross-section, and uniform 
slope, the flow is said to be non-uniform if the water surface is not parallel 
to the channel bed. In this case the longitudinal profile of the water surface 
takes the form of a curve. If the flow is of the “tranquil” type this curve 
theoretically extends up stream an infinite distance and gradually approaches 

Norn.—Discussion+on this paper will be closed in September, 1936, Proceedings. 


1 Director, Experiment Station of Public Works, Home Dept., Japanese Govt.; Prof., 
Civ. Eng. Dept., Tokyo Imperial Univ., Tokyo, Japan. 
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the straight-line profile for uniform flow at the given discharge If concave 

upward the curve is called a back-water curve, and if concave downward it is 
called a drop-down curve. However, the same differential equation is appli- 

cable to both cases, the difference being only in the boundary. conditions. 

The determination of the surface profile for cases of non-uniform flow is a 

problem of much practical 

importance. 

Placing the origin of 
the co-ordinates at any 
section of the channel, 
with the X-axis along the 
lowest line of the channel 
bed (positive in the down- 
stream direction), and the 
Y-axis perpendicular to 
the X-axis, the general 
equation of motion for non-uniform flow is expressed as follows (see Fig. 1): 


Fig. 1. 


in which S = slope of the water surface when the flow at Section z is non- 
uniform; So = slope of the channel bed = slope of the water surface for uni- 
form flow; D = depth of water at Section x for non-uniform flow; Do = depth 
of water for uniform flow; D) = depth of water at weir; Ds = depth of 
water at point of maximum drop-down; R = hydraulic radius at Section 2; 


C = a coefficient in the velocity formula; a = a correction factor for velocity 
head = 1+ a’ =, say eo 
9 


A general type of mean velocity formula is as follows: 


V p= Ce Rhus? =n Gongs ig o fe tea fe Witeveleie lehate aleve Whe (2) 


in which p = 0.5 in most cases, and S; = the slope, S, defined by the frictional 
head for V and R. 

In the Chezy velocity formula, C varies considerably with the depth of | 
water and, if Equation (2) is substituted in Equation (1), 


Ge ened res Lay fide Westen (3) 
da C? Rm dx \2g 
or, 
Eek’ sz Sa ney OG 
C? Rm A? a 2g hee (4) © S00 cles ele ole» bp eletans (A) 


in which Q = discharge; and A = hydraulic area. 
A relation between D and x can be found by solving either Equation (3) or 
Equation (4), if So and C do not vary. Since they do vary for rivers and 
' 


P| 


=a 


ait 
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streams, Equations (8) and (4) are not strictly applicable to natural water- 


courses. However, if the stream is considered as divided into several reaches, 


in each of which S» and C are nearly uniform, and if the relation between 
D and zx is applied to each reach separately, back-water curves can be 
obtained more conveniently from either Equation (8) or Equation (4), than 
from Equation (1), since the latter must be solved by trial. 


9—Various FormMuuAS For Back-WaATER CuRVES 


The discharge in the channel, Q, being constant, S in the velocity formula 
(Equation (2)) is expressed in terms of the hydraulic radius, R, corresponding 
to the depth of water, D, and of the roughness coefficient or velocity 


2 
_ coefficient ; & (=) can be expressed in terms of the hydraulic area, A, and 


dx \2g 
for a fixed section, A and R can be expressed in terms of D, the depth of 
water. Consequently, Equation (4) is a differential equation that combines 
D with 2, its type being dependent on the relation expressed in Equation (2), 
and on the shape of the cross-section. Hence, the back-water curve derived 
by integration is necessarily subject to these two factors. 

In determining the back-water and drop-down curves, therefore, it is essen- 
tial to adopt the velocity formula most appropriate for the channel under con- 
sideration and to establish the relation between D and RF as accurately as pos- 
sible. Many of the existing formulas are deficient in one or both of these 


requirements and, moreover, these formulas do not include the term which 


expresses a change of velocity head. When the variation of mean velocity is 
wide, the latter omission introduces a serious error, especially in the case of 
drop-down curves. 

Table 1 contains various types of velocity formulas and channel sections 
adapted to the determination of back-water and drop-down curves in 
current use. 


TABLE 1.—Tyrrs or Existinc Back-Water Formutas 
ee OaaSaDa=a0600 Sao 


, heres Velocity Variations Ratios of ¢ 
Ttem | Investigation | lon |. formula) TyPetdon | “head: | Back-water | Drop-down 

curve curve 

(1) (2) (3) (4) (5) (6) (7) (8) 

1 | Grashof-Bresse.| 1860 CVD. So Broad rectangle Considered ca to ar 0.999 to 0.00 

2 | Dupuit-Masoni| 1863 cv RSs Common rectangle} Considered None None 

3 | Rahlmann.....| 1880 CV D.Sq | Broad rectangle...| Neglected | 1.01 to6.0 | 0.99 to0.00 

4 | Tolkmitt...... 1881 CVRS~ | Broad parabola...] Considered | 1.005 to 5.0 | 0.995 to 0.00 

5 | Schaffernak....) 1913 CD,%7 So Broad rectangle...} Neglected 1.013 to 5.0 0.2 to To 

6 | Ehrenberger...| 1914 ett Fee Sue Broad rectangle...| Neglected | 1.000 to5.0 None 

Pee al 197 Oe Fee ne ae | Nevlested | 1.001 to 10.0 |, °-, Nene 

8 | Kozeny....... 1928 CDo%? So Broad rectangle. ..| Considered None 0.16 to 0.95 

9 | Schoklitsch....| 1930 CD 8% Broad rectangle...| Neglected | 1.01 to5.0 None 


ay a) Va 
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Most of the expressions for mean velocity in Column (4), Table 1, are 
considerably in error because the characteristics of each section of the actual 
channel vary. Furthermore, in some cases (Items Nos. 3, 5, 6, 7, and 9, 
Table 1), the important variations in velocity head are neglected. In Item 
No. 7, Table 1, the symbols, z and zo, denote A*R and z in uniform flow, 
respectively. 


3.—GENERAL SOLUTIONS 


Existing methods of calculating back-water and drop-down curves are 
searcely accurate enough for practical purposes; furthermore, the hydraulic 
theory upon which they are based is very imperfect. The reasons why exis- 
ting methods are unsatisfactory are, as follows: 


Case (A).—In order to be able to express the back-water and drop-down 
curves by functions having a finite number of terms, some of these methods 
use the Chezy velocity formula with constant C, and consider only broad, 
shallow, channel sections. Generally, it is impossible to express the back-water 


and drop-down curves by a function having a finite number of terms unless Be. 
m 


in Equation (2) is an integer and the broad section is a rectangle. 

Case (B).—When m has any arbitrary value and when the channel has a 
broad shallow section, the back-water and drop-down curves may be expressed 
by functions involving infinite series; but the calculation of the numerical 
table (Columns (7) and (8), Table 1) is quite complicated in comparison 
with Case (A). The Schaffernak (Item No. 5)? and Schoklitsch (Item No. 9)* 
formulas are the simplest in this case. In the Riihlmann formula (Item 
No. 3)* an infinite series is used, laboriously and needlessly, in spite of the 
fact that the formula should belong to Case (A). In the cases of most chan- 
nels with cross-sections that are not broad in comparison with their depths, the 
determination of the back-water and drop-down profiles by rigorous mathe- 
matical methods involves difficulties which are practically insurmountable. 


Unless the Chezy formula is used, the back-water function generally 
requires the use of infinite series for its expression. Moreover, if the change 
in the velocity head is considered, two infinite series are derived from one 
kind of channel. In this case it is extremely laborious to construct tables 
of the function for all types of sections. 

In the following, the writer derives some exponential formulas for the 
hydraulic area, wetted perimeter, and hydraulic radius, which are sufficiently 
accurate for practical purposes. The change in velocity head is taken into 
consideration, and the most appropriate velocity formula is used for each 
channel. In every case the desired back-water or drop-down function is 
expressed in terms of two sets of series. 

Case 1—The Most General Case of Non-Uniform Flow—The hydraulic 
area, A, the wetted perimeter, P, the hydraulic radius, R, and the average 


2 “Hydraulik”, by Forchheimer, Third Edition, p. 208. 
s’“Wasserbau”, by Schoklitsch, 1930, Vol. 1, p. 103. ° 
«“Hydraulik”, by Forchheimer, Third dition, p. 207. 
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_ velocity, V, are expressed most generally as functions of D, the depth of water 
measured from the lowest line of the channel bed; thus, with Equation (2): 


VE) Specs TBE cum ceate Beppe ae oentoa:o Ca), 
and, 
R eects cece ese eo) 


jin which the subscript, 0, refers the symbol to the condition of uniform flow. 
Since the amount of flow in the channel is unchanged, Q = VA = Vo Ao 
and, therefore: . 


VeVi A 
S —— ae OF) Rm eh adahit Pitarerate releeneekstracs’ ohons (6) 
. at A ) 
E. meV, | Aa\ Ve 
in which Bi ri at . By substituting Equations (2) and (5) into the 
g g 


general differential Equation (1): 


2 2 
s, — $2 Ta (4:\V emp aD 2.(48 fy ee (1) 
dx CAtN tA PG ds NL 


Replacing A, R, and P, by their values in Equations (5) and writing 


b 
“ =a; and —= OF 


Ao lo 
ENDS Lebiay Dey efi -eueD ey 
So — — = & | ——— ———__— 
dz 1 + cD*, 1+ cD* 


eC Sef ke Gi 1% rae (G+ Be) 2 2 coh) 
g \l+eD%/ “\itaD'/1+a,D* de 


Equation (8) is the most general differential equation that expresses the 
back-water and drop-down functions; but integration of the equation and 
the calculation of numerical tables become extremely complicated with the 
expression in this form, since each term in the right-hand side of the equation 

expands into a double series with respect to 10). 
. Case (2).—In Which the Hydraulic Area, A, Is Monomial—In common 
channels or rivers, if D is measured from the lowest line, the monomial expres- 
sion, A = aD’, for hydraulic area is sufficiently accurate even when do = 0. 
_ Therefore, when A = aD’; P = bo + bD*; and, 


i 3 ea ea (9) 


Sel peas DS 
~ P _dbo(1+ eD*) 


then, 


: 
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23 (mt) 2m 
§,= Ve (Ao) pom — 5, (Do (2) wie (100) 
ON Wie D 1+ cD*, 
and, 
v3 od (4) =- LOS (s + Gs yz 1 aD (404) 
a9 .ae \vA g Ds D/ D ad 
in which ¢ = Lae and, Co = a 
bo a 
Let, 
Soa G8 (at=r)" os oT yp a ooteeaare (11) 
g D'% 


Then, Equation (7) becomes, 


s, —-22=58, (Be hoe 1 + cD _ BR)" 2 
aan Fs 2D 1 + cD, DEM dx 


and, therefore, 


2st1 
[eee |e 
So dz = : 


= eo = F (dD) aD.....«. (12) 

: ie 2)" ( 1 a cD* iE ( ) 
D 1+ cD*, 

The second term in the denominator of Equation (12) may be expressed 


by a convergent infinite series, and, as a consequence, the function, F(D), 


can be expressed in terms of a double series of D ; but the labor for calculat- 
oO 
ing the numerical table is far greater than in Case (8), which follows. 


Vase (8).—In Which the Hydraulic Area, A, and Wetted Perimeter, P, 


Are Monomials.—In this case the differential equations become reasonably 
simple, since, 


At SS Die iene sats Sak cree (18a) 
Pea Dee (180) 
and, 
A Qgarss 
R — P mm he D Deine cS rbe RLY Shane (18¢), 


It seems somewhat irrational to express P as a monomial function of D. 
This is especially true in the case of sections such as the rectangle or trape- 
zoid, in which the base width has a finite value. However, in the cases of 
these sections, as in the cases of most other sections in common use, actual 
trial shows that it is possible to choose values of b and & in Equation (180) 
that will make this equation express the value of P with reasonable accuracy » 
over a considerable range of depths. The fact that the use of this monomial 
expression for P does not introduce errors of appreciable magnitude into the 
computation of back-water and drop-down profiles, will be made evident by 
reference to the many experiments described subsequently herein. 


. 
4 


at oy 


2. 


aos 
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4.—GerneraL FormMuLAs FoR Back-Water AnD Drop-Down Curves 
Referring to Case (3), Article 3, and following the form of Equation GBs 


A DAP D a R D s-k 
= ie = —_— je —_ = -—— ; d —- ile 0.5 4 
Ao (e) Po (3) Ine D ) hs ag NON at Consequently, 


fo) 


Vise BN ots DN Beer D 
fo\ Rom = 8, (= eS 1 EES cee asa Gr lini ae 14 
Bee GG) a (a) 0 
V3" d (4) 2 V% (2)" d (D 
a — (=?) =—2«4— Xs | — — (— 
2g dx \A g Do dz \Do 
—2s-1 
mae HDs (2) a (2) Ree weg (15) 
Do dt \Do 


g Do 
Back-Water-—Substituting Equations (14) and (15) into the general 
differential Equation (1): 


—23—2m(s-k) —2s—1 
Do. 57 ay = Bo (2) — KD, (2) a (2) 
da Do Do dx \Do/. 
dD 


Hence, by making = equal to y, the auantity,a(2), will equal dy Pig! 


oO ° oO 


and, 


in which K = as 


and, finally, 


—(2st1) re 

"SY get ae Sv SR Re gah naan aie as (16) 
fe i afte ime) i yf mle) 

Since m is dependent upon the velocity formula used, and s and i are deter- 


mined by the channel section: 


—(2s+1) La (r—23)—1 

Side dy gp YO 2 y —K OE tt) 
Do 1—y” 1—y” y7 —1 yy —1 

in which r = 2s + 2m (s — k). Integrating Equation (17) from x to x + 1 

(that is, from D to Dy»), the distance, J, from the weir to the point where the 


* depth of water, D, is known, and the rise of the water surface is D — Do 

(see Fig. 2): 

Sol _'g, (2) ea (2) Deki E (22) bg (2) ].---4® 

Ds Ds Do Do Do 

ae 10 r 
pwhicheDs = Dow; D= Do; K = as ie sa= —3 = _Y dy; 
g Do 9 y' —1 
a= ia dy; and y = D eae 
y" = 1 Do 
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Fic. 2. 


Theoretically, the influence of back-water extends backward from the weir 
an infinite distance. At the point where 1 = ©, D = Do, or y = 1. Since 
both ®, and &, become infinitely great at this point their limits of integra- 


ia FY) 
tion are taken to be y = y: = 1.001; that is, ay, = 1.001 


oO 


Drop-Down.—In this case, D < 1, and for convenience in integration let 
Oo 


a ca = Do > 1. Then, Equation (16) becomes: 
y D 
So OE yagi Oe Me Pee Oe es ae (19) 
Do SS 1—2. 2-1 ez—l 


In Equation (19), r > 1; and z > 1, and both terms on the right-hand side 
can be developed into a convergent series of z. Integrating from x to x + 1 
(that is, from D to Ds): 


Sob sy, (22)—», (2) — xy, (22) —», (22) ].--@0 

Do D; D Ds; D 

5 ‘ D, Do g?s-1 
Jno NI (CA ein te (p= dz; and, ¥, (2) = v dz. 

in which ¥, (z) (22) IS 2 (2) (2) ( 


In this case, also, YW, and YW. become Rane great when z = 1, and the lower 


limit of the integration is taken as z = > = 1.001, or y = 2 = 0.999, 


tv) 


5.—CaLcuLATION oF Backx-Watser Functions 
The Back-Water Curve.—In the expression, r = 25 + 2m (s — k), s = the 
numerical value of the power in the function for hydraulic area; m = the ex- 
ponent of hydraulic radius in the velocity formula; and k = the exponent of - 
the wetted perimeter in the velocity formula. For open channels and conduits, 


1<r< 6and 05 < s = 2.0. The quantity, , of both terms on the 


y’ —1 
right-hand side of Equation (17) is developed into a convergent series, and 
their integrals, , and ®., may be expressed as follows: 


(nr-1) 
4 =y- See YT Shes Sy ae we. (21a) 


i sa 
and, n=1 
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Py my eal 
S Tr Pde critters ett e sees (21b) 
n=1 


However, in actual numerical calculation, when y is nearly equal to 1, 
the rate at which the series converges is very slow. When both r and s are 
integers or possess special values, Equations (21) can be expressed in a finite 
number of terms, and in preparing an actual numerical table, 6, and ®, are 
calculated directly for these special cases and the values of the functions 
for intermediate values of r and s are obtained by interpolation. The results 
are shown by groups of curves in Fig. 8, in which, for substitution in 


Equation (18): 
y r 
(2) by ve Ye el a oh doce oh re (22a) 
Do 1.001 Y” — 1 


Y 4) (r—2s)-1 
Mi (2) =i Gee igh fads ee (226) 
Do 1.001 Y” — 1 


If groups of ®, and ©, curves are constructed by plotting the integrated 
values thus obtained, the back-water profile applicable to almost any channel 
can be calculated precisely. Back-water curves published in the past were for 
a single case of r and s; for instance, in the Grashof-Bresse formula, a broad 
rectangular section is used so that, with A = BD, and P = B, s = 1, and 
k = 0. Since Vo = C Ro 8°", the exponent, m, = 0.5. Therefore, s = 1, 
and r = 38. 


and, 


Fic. 4.—HXAMPLES. 


In the Tolkmitt formula (Item No. 4, Table 1), a broad parabolic section 
is used in the Chezy velocity formula so that m = 0.5 and A = 2 BD; 
P= B;andR == D. Consequently, s Be k = 0.5; and r = 4, "In the 

2 


eee formula (Item No. 8, Table 1) @, is neglected when s = 1 
and r = 3. 


= 
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Illustrative Computation for Back-Water—Referring to Fig. 4(a) let 
eee ome tee OO ett nee 4etts 5, == 1:1.000;, C= 503 
esses Os ea O88" 7 =92187- ander = 0.212 Then, from) Kigi-3, 


selecting proper values of @, and &,, Equations (22) yield: 4, (2) = SallGe 
D 


Oo 


D D 
®, (2) = 1.68; o, {| —2 ) = 2.12; and 4, ata We 1.58. Substituting these 
D D D 


O° ce) fo) 


values in Equation (18): =o = 3.16 — 1.68 — 0.212 (2.12 — 1.58) = 1.365; 
ce} 


and, 1 = 2 730 ft. 
Drop-Down Curve.—In this case the drop-down functions are: WW; (z). 


2 23-1 
= si E =. SY Ghat ity) mes if a dz, and each of them can be 


ca an | 
expressed as infinite series, thus: 


oe —(nr+l) 
Y, @) = 23 pan a) ai SC AEE | eae (23a) 


nr+l 
n=l 
and, 
= g antes 
UW, (2) = =>, ere eB in eee (23b) 
nr—2s8 
(at 


For integral or special values of r and s, the integration leads to expressions 
having a finite number of terms, so that if values of the functions are com- 
puted by these expressions, the values of the functions for intermediate values 
of r and s can be obtained easily by interpolation. _ 

The values of W, and W, are plotted in Figs. 5, 6, and 7, the values in Fig. 6 
differing slightly from those in Fig. 5 not only with respect to the values of 


Dd. , but also with respect to the values of s. 
oO 


Illustrative Computation for Drop-Down.—Referring to Fig. 4(b), let 


Bao -Sitt: Dov A ft; Dy = OS MOD. = B8ofts ZS = elke 


Do 

Ds; 

a= Do _ 4.959; So = 1:1000; m = 0.7; s = 10; k = 0.47; r = 2.74; 
D 


C = 60; and K = 0.27. Then, from Figs. 5, 6, and 7: W, (2) = 1.900; 


s 


WY, (2) = 2.34; and ¥, (2) = 1.45. Substituting these values in Equation (20): 
§ 


Sol _ 49090 — 1.395 — 0.27 [2.34 — 1.45] = 0.265; and 1 = 1060 ft. 
Do 
General.—In Figs. 8 to 7, the values of &1, Sa, and W,, 2, which are shown 
by groups of curves, are obtained by ordinary integration with respect to a 
number of sets of values of r and s which furnish directly integrable equations. 
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3.0 


N 


Values of Hy; 


=Do 
Values of z D 


Fig. 5.—Dropr-Down CURVES; VaLurns or 1 FoR SUBSTITUTION 
IN HquaTion (20), 


a 9.0 
s=0.75 
8.0 8.0 a 
7.0 L 70 Values of = N 
5.0 “i 
4.0 4.0 y 
: a : ree 
20 2.0 eI. 
15 15 Y 
$=1.25 
= = Values of 
alues of 7 
5 4.0 5 4.0 “ 
3 Hy ee 
3 =) 
$s Ss 


3.0 


30 We 


— =i 
See Fig. 7b for Enlarged Scale 


0. 
3 1 1.5 2 25 3 
Values of 2= 7 


= 1.5 2 2.5 


Fig. 6.—Drop-Down CuRVES; VALUES OF vv FOR SUBSTITUTION 
IN EquaTIon (20). 


655 


656 BACK-WATER AND DROP-DOWN CURVES 
5 
4 ye 
3 7 
Values of r4—} | >_> 12 
2 T ye 16 
12 20 — pees 
q2-_o7h 
iE 28 12 
0.9 40953 2 
0.8 4, be 3.6 
32s 4t10 
07 | 
0.6 nS T 50 
05 55 60 | ‘i 
0.4 at. 
03 
(a) ¥ Curves; (See Fig. 5) 
0.1 
6 
Values of s > 15 
5 -t + E fe 
J 0.5 
So 4 
oa 
a 
> ; Values of 7*~4, 072 oe 
10 
li 0.5 
f ee 1.0 
0.5 
15 
s 5 > 
Z o— 15-2 
25 o% 
1 30. 
0.9 q 
ee ree) 0 [5 
iy ‘G 2! 
0.6 69 
5 
0.5 2 
: a 
0.4 
0.3 
(b) Curves; (See Fig. 6) 
0,2 d 
0:1 
1.002, 1,003 1.904 1.005 1.01 1021.03 1.04 1.05 1d 


par 
Values of 2= D 


Fie. 7—Dropr-Down Curvns, Figs. 5 AND 6, TO AN ENLARGED SCALE. 
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- Intermediate values of r and s are determined by interpolation. For the back- 


water curves the direct integration is performed with respect to the following 
special cases: (a) For &: r = 1, 2, 3, 4, 5, and 6; (b) r = 8 is for @, in 
the Grashof-Bresse (Item No. 1, Table 1) and Riihlmann formulas (Item 


No. 3, Table 1); (c) r = 5 is for ®, of the Baticle formula (Item No. 7, 


Table 1); (d) values of r and corresponding values of s for integrals of ®. 
(see Fig. 3) are listed in Table 2; (e) r = 8, s = 1.0 are for &, of the 
Grashof-Bresse formula; and (f) r = 4, s = 1.5 are for ®, of the Tolkmitt 
formula (Item No. 4, Table 1). 


TABLE 2.—VaLuEs OF r, WITH CORRESPONDING VALUES OF 8, FOR 
INTEGRALS OF ®, AND Wz 


VALUES OF 8, FOR: Values VALUES OF 8, FOR: 
Bites EMG et 
®; Ws @; and V2 ofr D, WV 
(2) (3) (2) (1) (2) (3) 
| oe Ree 1.50 
: . 2. 
0.75 1.00 Ke 
(3% (3:8 
0.75 rr 


In the drop-down the direct integration is performed with respect to the 
following special cases: (g) For Wi: r = 1, 2, 3, 3.4, 3.5, 4, 5, and 6; (h) r= 3 
is for W, of the Grashof-Bresse and Riihlmann formulas; (i) r = 3.4 is for 
the Kozeny formula (Item No. 8, Table 1); (j) r = 3.5 is for the Schaffernak 
formula (Item No. 5, Table 1); (k) r = 4 is for the Tolkmitt formula; and, 
(1) values of r, with corresponding values of s, for integrals of W, are listed 
in Table 2, in which the combination, r = 3 and s = 1.0 is the value of W, 
for the Grashof-Bresse formula. Direct integration is possible for seven 
forms of the integral, &:, twenty-two forms of the integral, ., eight forms 
of the integral, ¥,, and seventeen forms of the integral, %. The integrations 
were performed by Reidi Ito, River Engineer of the Department of Home 
Affairs, Japan. 


6.—Hyprautic Area, WETTED PERIMETER, AND Hypravtic Raptus 

Various shapes of sections which are commonly used for channels, however 
complicated they may be, can be approximated accurately enough by a com- 
bination of straight line, parabolic, and circular curves. Then, establishing 
the mathematical relation of A, P, and R, or s and k, to the depth of water 
for these three cases, the factors, s and r, may be obtained for a required 
depth of water in the case of an irregular section by curves or by direct 
calculation. 

(a) Prismatic Section.—In the cases shown in Fig. 8 the hydraulic 
area, A, may be expressed in general terms by: 


pee Data ct Gee 09 ein cated phe 
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(a) Trapezoidal; a=cot 6 >0 (b) Rectangular; s = 1.0 (c) Triangular; a=cot 6<0 (d) Inverted Triangle; 
anda=0 8 =2.0 and k=1.0 


Fig, 8—RrGuLarR CHANNEL CROSS-SECTIONS. 


in which a = cot 6; 6 = the angle made by the slope of the bank and the 
extension of the base line of the channel; and the values of a are as shown 
in Table 8. 


TABLE 3.—VALUES OF do AND 6 In Equation (24) 


oes) Trapezoidal Rectangular Triangular Inverted 
Description section section section triangle 
(Fig. 8 (a)) (Fig. 8 (b)) (Fig. 8 (c)) (Fig. 8 (d)) 
a, ay B=B, ag 0 
cot 0 + 0 = + 
From Equation (24): 
Lele 
Any tags sek coal alte = y! (25) 
A. ao Dy Bid DS D, “bid D?, wi ulate ee 
D fd 
in which y = — spa & andthe Do sot 6. 
Do Do iL Ao 


The expression involving the wetted perimeter, P, is written as: 


P= Go: 2 DA) Sy Giessen 


from which, 


L+2y ite 


P_at+2DVN1+e@ Ml E(27) 
SS Oo _-EDho = a) ar 
Pot at 2 DA La ae en ee Aj techie 7 
we 
Then, s and k, the exponents to y which depend on the ratios, De are 
computed for various values of % and Esse : 


7 ret with y varying between 0.1 


and 20. The curves are plotted as shown in Fig. 9. For example, referring 


to Fig. 8(b), let ao = 8 ft; Do = 2 ft: Dy = 4 ft; D = 2.2 ft; values of y at 


two sections considered are 2.0 and 11; » = 4; % —9. L+@ _ 1+0 


—_— 


H we 42 
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Backwater 


Drop-Down 


20 


1+a? 
ae 


Values of 


= 


ES. 
So 


3 fea) 
= a fo o So 


Values of y 
ES OF % AND § FOR CHANNELS WITH PRISMATIC Cross-SECTIONS. 


Fic. 9.—VALuU 


- | 
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= 0.0625; and s = 1.0, a constant. From Fig. 9, k = 0.84 to 0.42, a mean 
value of 0.38. ‘7 
(b) Parabolic Section—In the case of the parabolic section shown in 


Fig. 10(a), A = i, BD Ao = 5 BoDo; and B = Bo v2. Therefore, 
3 o 


s 


f= yi = y’; and, s = 1.5, a constant. Finally, 
Ao 


iy 16 D? 
P=2Ds| y (uv + B’ ) + B*, log. a] 


16 D’, 16 D’, Bo 
4 Do 
and, 
a{ 1 BY ih Bees 
—_— — — lo 
u(y 16 z) T 16 Dy 
La 
Po B40 i lB? 4D, 
1+ —~— 4 — — lo 4 
Bie MP ig tms Pee teas 


Fie. 10. 
For values of y ranging from 0.1 to 20, the exponent, k, corresponding to 


the ratios, Bo | are calculated and shown by groups of curves in Fig. 11. For 
oO 
example, referring to Fig. 10(a), let Bp = 80 ft; Do = 20 ft; a = 80 = 4.0; — 
"3 20 
Do = 40 ft; D = 22 ft; and y = 2.0 and 1.1. Then, as shown by the circles 
and dotted lines in Fig. 11, Exponent & varies from 0.62 to 0.645, with a 
mean of 0.632. 
(c) Circular Section—In the case of the circular section shown in 
Fig. 10(b), r is the radius of the circle; ¢ equals one-half the central angle 
of the wetted perimeter; and 


= cox (*= 2) 4 "(D Stink 9 De = ie, cae (29) 
t 
so that, 
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Drop-Down Re idea Backwater 
1.0 


Values of Exponent, k 
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Values of y 
Fig. 11.—Vatuns or k ror CHANNELS OF PARABOLIC CROSS-SECTION. 


A u(y ei = 
A ee 8) eee eae (30) 
o cos (1 — 2%) + (%o — 1) A/ 2 tq — ito 
Pte chit: 6° = Dorner) sane 4 Sai 
r T Do Xe 
P=2¢or=27 cos" (=) Cred RO Ei 
rT 


Consequently, 
Po_ cost G2) _ ys 
Je cos? (1 — 2) 


For values of y ranging from 0.1 to 20, the exponents, s and k, corresponding 


to the ratios of 7 = Do are calculated and shown in Fig. 12. For example, 
r 
referring to Fig. 10(b), let r = 9 ft; Do = 4.5 ft; Dp = 18.5 ft; Dea, 0-4etk; 
Lou Do Teen A ns Se 3.0; and y = D _— 49, Then, as shown by 
Ts Do Do 


the circles in Fig. 12, Exponent s lies between 1.28 and 1.40 (mean, 1.34) and 
Exponent & lies between 0.55 and 0.63 (mean, 0.59). 

(d) Error Involved in Assuming That Section Indices, s and k, Are Con- 
stant.—Generally, the values of s and k in Equations (182) and (13b) in any 
section differ slightly with changes in the depth of water, D, but, in this 
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paper, the average value for the range in which D changes is used in order 
to facilitate the integration. To study the degree of error produced by this _ 
assumption, comparisons are made between two examples in which rectangular 
sections are used for the back-water experiments and the results obtained 
from the Dupuit-Masoni formula. 


Drop-Down 7 eeGeeaone Backwater 


15, 20.1 
0.5 02 
1.4 O7 a3 
Zo 
13 eas Ss = 
| To 
eA 
= | Cy 
a2 Values of 5-7 
= 
eal 
mol 
¢ Lael 
o 
i 1.0 
| 
! 
1 0.9 7 Taal 
we / U | 
5 7 4 
3 8 / / 
3 (0. 
m Values of 2, 
$s ms ke 27 V2 yf / 
af. ee 7 
ea / 
0.7 pr 7 
- yt 7 / / 
aT 7 me 
= Zz Y Jah ae i 
— —— = =” 4; as 
0.6 == = = | == 02 - Pa 
gee eal pe —T-T_LA- = ae ce 03 l— ee 
a ee ee Se 
05 = = — — Ss ee ee Soo et — — 
0.1 0.2 0.3 0.4 0.5 1.0 2 3 4 5 10 
Values of 


Fic. 12.—VALUES OF s AND k FoR CHANNELS oF CIRCULAR CROSS-SECTION. 
: j Baw D; D 
Referring to Fig. 4(a), for Example 1, let e — id atte a = 2.0;4¥ = — 


fe) oO o 


= 1.01; and & = 0.54 to 0.46 (mean assumed as 0.5). For Example 2, let 
Bo 

oO 
For convenience in comparing them with the Dupuit-Masoni formula (Item 
No. 2, Table 1), let V = C R™ S°* and m = 0.5. Then, r = 2 8 
+ 2m (s —k) = 2.5; 


= 3.0; Y = 5.0; y = 1.01; and k = 0.60 to 0.40 (mean assumed as 0.5).. 


K=as V%o — gp ke — not Boa el stiche satan PP 
g Do Do Bo 
and, 
pay’ C Se Sie) een ee ee 
g g Ro 


6 
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If & is considered a variable, the Dupuit-Masoni formula results, and the 


relation between @ and K are as shown in Table 4. 


TABLE 4.—Retation Between K anp 8, Equations (33) anp (84) 


Exampie; 1 Y = 2.0 EXAMPLE 2; Y = 5.0 
Values of: 
B=0.3 B=0.9 B=0.3 B=0.9 
K 0.17 0.50 0.18 0.54 


If the values of the ratio, 
So if 


C0) 
various sections up stream from it), errors between the Dupuit-Masoni formula 


, are compared with the numerical values of 
fo) 


(which are proportional to the distance, /, measured from the weir to 


and Equation (17) will be as indicated by Table 5. 


TABLE 5.—Errect oF AssuMING AN AvERAGE VALUE or K; 


Sol 
CoMPARISON OF THE Ratio, —> 
oO 
Exampie 1— Y=2.0 Exampiy 2.— Y=5.0 
een rnte ers OS ee | ee ee ee ee 
Ratio, B=0.3 and K=0.17 B=0.9 and K=0.5 B=0.30 and K=0.18 B=0.90 and K=0.54 


D . ‘i Fi 2 : ae 4 5 
y= >. Using | Using Per= Using Using FPer- it See Bae Using Using Per- 
centage | yalue | value | °eBtage |! value | value | centage) value 
of k of k error of k of k error of & of k error of k 
(1) (2) (3) (4) (2) (3) (4) (2) (3) (4) (2) 


See oclonl fe aeyte an 3.1800 | 3.1724 | —0.24 | 3.1381 


0.6526 | 0.6517 | —0.14 | 0.6086 | 0.6074 | —0.20 || 3.8261 | 3.8224 | —0.10 


1.5049 | 1.5123 | +0.49 | 1.3005 | 1.8052 | +0.36 || 4.6624 | 4.6764 | +0.30 09 
4.9211 | 4.9435 | +0.46 | 4.5710 


2.3274 | 2.3496 | —0.95 | 1.8361 | 1.8498 | +0.75 | 5.4608 | 5.5020 | +0.75 | 4.8939 


tt ee et et 
COrRPNWANS 
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oo 
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Evidently, errors produced by integration, using average values of k 
which are considered as constants, are insignificant, being usually within 
1 per cent. Generally, the errors tend to increase in the up-stream direction 
where the change in the depth of water is slight. If it is desired to find the 
shape of the back-water curve more accurately for theoretical reasons, groups 
of curves similar to those in Fig. 3 are drawn by using the average 
values of k only for the integration, r being determined by using actual values 
of & for the depths of water in a given channel. It is possible to find the 
values of ¢; and ¢, from the curves corresponding to r and s thus obtained; 
but (except when the weir is unusually high) the calculation is simplified 


considerably if the average values of k are used. 


4 


‘ 


664 BACK-WATER AND DROP-DOWN CURVES Papers 


4.—OaLcuLatep EXxAMpLes of THE Back-WATER AND Drop-Down 
IN PrisMATIC CHANNELS 

In order to demonstrate the method of computing the back-water and 
drop-down curves presented in this paper, two general examples are offered. 

Example (A).—Back-Water: Case of Trapezoidal Channel.—Referring to 
Fig. 8(a), let the side slope = 1 on 1; Dy = 80 ft; Do = 6 ft; 0 = 455; 
Go = SOPH: So 121-600; An = 6 X 30 426 <6 0216580" An and 
rae gIGRh 

30+2x 6M 2, 
the form of Equation (2) in which C remains constant irrespective of R. 
Now, if the Manning formula is used (Equation (2), with m = 2 and p = $), 


— 46 ft. It is necesary to use a velocity equation in 


taking Kutter’s roughness coefficient as n = 0.020, the mean velocity is: 
Vos 1.486 x 4.63 X wes re 5.15 ft per sec. Therefore, Q = Vo Ao = 5.15 
0.02 / 1 600 


x 216 = 1112.4 cu ft per sec. 
If the depth of water is increased to Dp) = 30 ft by a weir; then y 


2 
: dete SE ; and, ‘see = itt _ 0.08. It is required 


Ds 6 pers oe 25 
to find 1, the distance from the weir to the section where the depth of 


water is 18 ft; thus, y = D = 18 = os andenva 


Dowes.6 ey 
Fig. 9 may be selected the values listed in Table 6(a); and with 


Hence, from 


TABLE 6.—ItuustrativeE ExampLe; VatuEs Reap From CurvES 


EXAMPpLe (A) EXAMPLE (B) 
For depth, D = 12 | For depth, D,= 
et 39) or depth, 10 
bilge For depth, D= 18 | For depth, Dy = 30 Fymbsl D feet feet i 
feet feet see 1.25) (22 =1 5) 
D Ds . 
(1) (2) (3) (4) (5) (6) 
(a) VALUES FROM Fia. 9 (c) VALUES FROM Fra. 9 : 
y 3 5 a 0 0 
8 1°31 1.36 m7 
k 0.51 0.56 1+a? 0.25 2 
r—2s 1,07 1.07 rae ee 
r 3.69 3.79 8 1.0 1.0 
k 0.47 0.45 
K 0.194* nee r—2st 0.707 0.733 
r 2.707 2.733 
(b) VaLuEs From Fia. 3 (d) VaLuEs From Fics. 5 AND 6 
@ 3.62 5.68 Wi 1.82 1.92 
a 1.80 1.80 Vs 2.08 2.28 


* Equation (15). t+ Equals 2m (s—k). 


ca 
XN 
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_ these, the integrals, 6, and ©,, listed in Table 6(b) may be selected from 
So b 


fo) 


E 0.194 (1.80 — 1.80)-= 2.06; and, therefore, 1 = 2.06 x 2o = 2.06 x6 
8 


= 5.68 — 3,62 


Fig. 8. Substitution in Equation (18) then yields: 


af A 0° 
x 1600 = 19776 ft. In this case the last quantity of Equation (18) (which 


is multiplied by K) is insignificant, but it can not be overlooked ghen 2? Za, 
C0) 


Example (B)—Drop-Down: Case of Rectangular Channel—Referring to 
Hig. 4(b), let Do = 15 ft; De = 10 ft; Bo = a = 30 iPS (Sty an dU UO 


n = 0.02; ¢ — 1486 = 74.3; 4, = 30 x 15 = 450 sq ft; Ro = —~ _ 
n 30+2 x15 
= 7.5 ft; and, by Equation (2) with m = 3 and p = 3 (the Manning formula), 
Vo = 743° 1.53 xX = 5.69 ft per sec. Consequently, Q = 450 
A/ 2.500 . 
2 2 
x 5.69 = 2560 cu ft per sec; and K =as Vo = a0 Salen WAS Te 0.074. 
gDo 9 32.2 x 15 


If Ds is equal to 10 ft (that is, if it is nearly equal to the critical depth, 
Ao 


at the cross-section over the fall): w = 
oO 


& = 0;5 = 1; and, + a _ 995. (See Figs. 4(b) and 8(b).) 

4 Hence, to find J, die distance from the fall in the channel to the 
Dg Olgas Diggie 

Di eth as Day ens 

From Fig. 9 may be selected values listed in Table 6(c); and, with these, the 
integrals, ., and Ws, listed in Table 6(d) may be selected from Figs. 5 and 6. 


So t 1.92 — 1.82 


section where D = 12 ft: yo = 


Substitution in Equation (20) then yields 


oO 
— 0.074 (2.28 — 2.08) = 0.085; and, therefore, 1 = 0.085 x 2500 x 15 
= 3 190 (t). : 


8 EXPERIMENTAL FLUMES 


In general, the deciding factors in establishing the shape of the back-water 
curve are the shape of the channel cross-section and the degree of roughness. 
The former is the more important and the inadequacy of previous formulas 
is due, in large measure, to ignoring its relative effect. 

In the experiments described herein, both the cross-sectional shape and the 
surface roughness of the experimental channels were varied. Moreover, due 
to the shortness of the effective length of the flume in this experiment, it was 
impossible to determine the height of the water surface covering the total 
length of back-water limits by a single experiment. For example, when 


\Aaes Dr = 2, the back-water profile is equivalent to a curve constructed by 


Do 
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F j 
connecting many back-water curves plotted in the ranges from: —2 = 2 t@| 
ie 


Dy 1.6; 1.6 to 1.2; 1.2 to 1.05; ete. Hence, in the experiments reported 


oO 
herein, the entire back-water curve was traced by connecting several back- 


water curves. The curve thus obtained contains from three to nine experi- 
mental values which indicates that a considerable number of measurements is 
required for channels of easy slope, So. On the other hand, if So is too steep, © 
the velocity of the water becomes very great and the flow unsteady; in extreme 
cases, the water shoots ahead so violently that the bed slope up stream from 
the weir is necessarily fixed at 1:500 and that of the drop-down at from 1:500 
to 1:2000. In order to study the influence of roughness, two kinds of sections 
were devised for each type of channel section: (1) A smooth flume in which 
the inner surfaces were planed carefully; and (2), a rough flume in which the 
inner surfaces were lined with 3-in. mesh made of No. 20 galvanized wire. In 
addition, the outer surfaces of the flume were submerged in water to avoid 
deforming the flume by alternate wetting and drying. When the flow was 
variable, the distance, 1 (from the weir to the section up stream, where 
the depth of water is D), was measured, and the back-water and drop-down 


Sol 


are represented by the relative values of 


oO 
The typical sections of the channels studied in the writer’s laboratory are 


shown in Fig. 13, the dimensions being as indicated. For measuring the dis- 
charge a common weir was used; and the height of the water surface was 
read with an ordinary engineers’ level and a needle-gauge readable to the 
nearest 0.1 mm (0.00394 in.). 


ra 
SS eS OY 


SSS 


Fie. 13. 


Water depths were observed at 0.5-m (16.41-in.) intervals for rectangular 
and triangular channels and 1.00-m (3.28-ft) intervals for trapezodial flumes. 
However, readings are taken at 0.2-m (0.656-ft) intervals to measure the eleva- 
tion of the water surface at important sections, such as the lowest point of 
the drop-down, where the depth of water changes abruptly. 

At the down-stream end of each channel a brass, double-rack gate regu- 
lated the water level so that it was nearly the same at the down-stream end 
in one set of measurements as it was at the up-stream end, in the preceding 
set. The regulation was effected by means of slits. 
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9.—Tue MEASUREMENT or Back-WATER 


Smooth Rectangular Channels——Referring to Figs. 8(b) and 13(a), let: 
Bo = 7.874 in.; So = 1:500; Do = 1.9685 in.; Dy = 3.937 in.; Vo = 1.61 ft 
eper sec; and Y = D, =F 205 

oO 

Using Manning’s formula for uniform flow, with various slopes, and assum- 
ing C to be constant, the writer found by actual measurements that the value 
of m was also nearly a constant, and was equal to 0.65. 

The effective length of the channel was 11 m (86.09 ft). The dam at the 
lowest down-stream section was adjusted so that Dp = 2 Do = 3.987 in., and 
the elevation of the water surface was measured at 0.5-m intervals (1.64 ft). 
- Then the dam was re-adjusted to make Dy = 80 mm (3.15 in.) and the water 
surface elevations were measured again. This process was repeated until four 
series of measurements had been made for different values of Dy; then, each 
set was plotted and the back-water curve from 3.937 in. to 2.087 in. (the 
depths of water above the weir), was measured. The result thus obtained is 
shown by dots in Fig. 14(a); corresponding data pertaining to rough channels 
are shown. 


Sol 


Computation of the Ratvo, —In a rectangular channel such as 


oO 
Fig. 4(a), in which s = 1.0, the mean value of k between Y = 2.0 and Y = 1.01 


(1 + a’) a 1+0 aa i ; and, from Fig. 9, 
we 4 16 
k = 0.38. Therefore, r = 2s + 2m (s — k) = 2.00 + 2 X 0.65 (1 — 0.38) 


may be determined as follows: 


2 
= 9.81; r — 2s = 0.81; and, K =as vs == (OLE 
glo 
After reading the values of &, and ®@, for r = 2.81 and r — 2s = 0.81 


; 4 l 
which correspond to various values of y = D from Fig. 3, the values of Sol 

fe) oO 
can be computed by Equation (18) and arranged as in Table T(a). Next, in 
order to compare the errors in various back-water formulas that have been 


used heretofore (see Table 1), the values of Sol computed from these 


oO 
formulas are likewise tabulated, and the back-water curves are drawn, for 


general comparison, as shown in Fig. 14. 

Finally, the errors in the various current formulas are determined by com- 
paring them with the results of the writer’s tests. Because of minute surface 
and stationary waves which exist in the experimental channels, variations of 
a fraction of a millimeter occur in the test readings. In some cases these 
variations make it almost impossible to determine the actual error of a 
formula. 

Although the magnitude of the errors in the experimental observations 
was very small, the effects of these errors on the back-water curves for small 
channels were quite remarkable. In the preliminary tests the measured values 
were quite erratic, due to deflections in the channel structure between beam 


Inches 


of D in 


Values 
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(a) Smooth Channel 


- e Experiments 


Series 2 


Ruhimann 


Se 


(b) Rough Channel 


=e 


= 1968" 
a 


Do 


9 20 40 


60 80 
Values of 


l 


in 


100 
Feet 


120 


140 


oe 


160 


Fic. 14.—Back-Water MEASUREMENTS; Trst VaLUrs COMPARED WITH RESULTS BY 
Various INVESTIGATORS ; RECTANGULAR CHANNEL (Sem Fic. 4(q@)). 


— 
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TABLE 7.—Back-WaterR MEASUREMENTS; COMPARISON OF THE Ratio, 
Sol 


oO 


, DETERMINED BY EXPERIMENT AND BY ForMULAS 


“| 


Det 
Ratios, Dp. » FOR THE FoLLowING VALUES OF y = 
° 


Formulas Leo PS | Lo le 1 OMee Lebel a | 3: le LZ. | 


Dd 
Do 
1.1 | 1.05 | 1.01 


AND FOR THE CORRESPONDING VALUES or D, In INncHEs: 


3.740 | 3.543 | 3.347 | 3.150 | 2.953 | 2.756 | 2.559 | 2.362 | 2.165 | 2.070 | 1.990 


(a) SmootH RecTANGULAR CHANNEL 


Laboratory test........... 0.111 ) 0.222 | 0.344 ) 0.461 | 0.581 | 0.714 | 0.853 | 1.020 | 1.200 ud be 
Mononobe.............-. 0.110 | 0.224 | 0.340 | 0.459 | 0.584 | 0.707 | 0.844 | 0.992 | 1.194 | 1.333 | 1.655 
Dupuit-Masoni........... 0.113 | 0.227 | 0.345 | 0.465 | 0.591 | 0.724 | 0.867 | 1.030 | 1.242 |} 1.409 | 1.724 
SSNS ee ee 0.107 | 0.215 | 0.326 | 0.489 | 0.555 | 0.675 | 0.808 | 0.956 | 1.147 | 1.299 | 1.569 
PSUOIMANN . 6 oh2'.. 6s. elee ws 0.116 | 0.234 | 0.859 | 0.486 | 0.623 | 0.772 | 0.941 | 1.148 | 1.449 | 1.714 | 2.277 
Schaffernak............-. 0.112 | 0.228 | 0.344 | 0.465 | 0.590 | 0.727 | 0.855 | 1.070 | 1.328 | 1.558 Lg 
Ehrenberger Ste s,s te 0 sien « 0.110 | 0.216 | 0.330 | 0.446 | 0.570 | 0.701 | 0.849 | 1.021 | 1.270 | 1.466 | 1.766 
Baticle. eel Tete slelelohaiers ss 0.102 | 0.210 | 0.329 | 0.458 | 0.600 | 0.757 | 0.954 | 1.198 | 1.576 | 1.943 | 2.690 
BRO COS geronimo ia 2 os cssieis nes 0.103 | 0.211 | 0.327 | 0.451 | 0.586 | 0.735 | 0.905 | 1.106 | 1.368 | 1.553 | 1.800 
PROLKMICE 5). «cc aic\she's vie 0.101 | 0.203 | 0.306 | 0.409 | 0.512 | 0.618 | 0.726 | 0.840 | 0.966 | 1.047 | 1.158 
(6) Rove RecTanauLaR CHANNEL 
Laboratory test. 0.231 | 0.355 | 0.485 | 0.619 | 0.764 | 0.922 | 1.106 | 1.388 es * 
Mononobe........ 0.233 | 0.355 | 0.482 | 0.615 | 0.759 | 0.919 | 1.110 | 1.384 | 1.627 | 2.134 
Dupuit-Masoni 0.241 | 0.368 | 0.500 | 0.640 | 0.792 | 0.963 | 1.166 | 1.464 | 1.722 | 2.256 
BEBO sasisictsr sel at iecal stella aes 0.229 | 0.348 | 0.472 | 0.603 | 0.740 | 0.903 | 1.092 | 1.361 | 1.595 | 2.065 
PPGHIMANN 8). wre ase oe 0.234 | 0.359 | 0.486 | 0.623 | 0.772 | 0.941 | 1.148 | 1.449 | 1,714 | 2.277 
Schaffernak.............- 0.228 | 0.344 | 0.465 | 0.590 | 0.727 | 0.855 | 1.070 | 1.328 | 1.558 ha 
Whrenberger.............- 0.216 | 0.330 | 0.446 | 0.570 | 0.701 | 0.849 | 1.021 | 1.270 | 1.466 | 1.766 
CUI GS aoe aes 0.210 | 0.329 | 0.458 | 0.600 | 0.757 | 0.954 | 1.198 | 1.576 | 1.948 | 2.690 
BEB GO Are .cis Seicteisis sja/s'Gnielos 0.211 | 0.327 | 0.451 | 0.586 | 0.735 | 0.905 | 1.106 | 1.368 | 1.553 | 1.800 
PPOIKMItGs Vc i elelo so sien a 0.213 | 0.322 | 0.434 | 0.550 | 0.670 | 0.805 | 0.959 | 1.166 | 1.333 | 1.669 


—<——$ ———————— —_<_— 


(c) Smoors, RicHtT-TRIANGULAR CHANNEL 


0.201 | 0.302 ; 0.404 | 0.510 | 0.615 | 0.725 | 0.848 | 0.986 | 1.102 - 

0.201 | 0.303 | 0.405 | 0.512 | 0.622 | 0.736 | 0.854 | 1.007 | 1.118 | 1.390 
0.209 | 0.315 | 0.424 | 0.537 | 0.655 | 0.784 | 0.934 | 1.139 | 1.309 | 1.655 
0.213 | 0.322 | 0.434 | 0.550 | 0.672 | 0.805 | 0.960 | 1.166 | 1.335 | 1.673 
0.229 | 0.348 | 0.473 | 0.604 | 0.740 | 0.903 | 1.093 | 1.362 | 1.547 | 2.073 
0.234 | 0.359 | 0.486 | 0.623 | 0.772 | 0.941 | 1.148 | 1.449.) 1.714 | 2.277 
0.228 | 0.344 | 0.465 | 0.590 | 0.727 | 0.885 | 1.070 | 1.328 | 1.558 “ 

: 0.216 | 0.330 | 0.446 | 0.570 | 0.701 | 0.849 | 1.021 | 1.270 | 1,466 | 1.766 
BROIEGO. so via cieiele bi creieis sie He 0.103 | 0.211 | 0.327 | 0.451 | 0.586 | 0.735 | 0.905 | 1.106 | 1.368 | 1.553 { 1.800 
POMC r rete ne 


(d) Rouen, TRAPEZOIDAL CHANNEL 


gg EE ae ie EEE a ae 2s eet ed Sea 
Values of D, in inches + | 7.480 | 7.087 | 6.693 | 6.299 | 5.906 | 5.512 | 5.118 | 4.724 4.331 | 4.130 3.980 
0.105 


Laboratory test........... t 0.212 | 0.322 | 0.436 | 0.552 | 0.678 | 0.814 | 0.992 | 1.194 | 1.370 

Mononobe.......1..+---- 0.110 | 0.217 | 0.327 | 0.436 | 0.554 | 0.681 | 0.818 | 0.979 | 1.204 | 1.378 | 1.728 
BAMolkmitb:.. 2. eee vere 0.107 | 0.211 | 0.320 | 0.429 | 0.544 | 0.663 | 0.792 | 0.939 | 1.182 | 1.285 | 1.578 

Bresse 0.112 | 0.226 | 0.345 | 0.467 | 0.595 | 0.729 | 0.887 | 1.070 | 1.326 | 1.499 | 1.991 


0.330 | 0.446 | 0.570 | 0.701 | 0.849 | 1.021 | 1.270 | 1.466 | 1.766 
0.359 | 0.486 | 0.623 | 0.772 | 0.941 | 1.148 | 1.449 | 1.714 | 2.277 
0.344 | 0.465 | 0.589 | 0.728 | 0.885 | 1.070 | 1.328 | 1.558 sf 

0.332 | 0.452 | 0.577 | 0.712 | 0.872 | 1.078 | 1.374 | 1.640 | 2.208 
0.323 | 0.451 | 0.586 | 0.735 | 0.905 { 1.106 | 1.368 | 1.553 { 1.800 


* Value not determinable. {+ Different from Tables 7(a), 7(b), and 7(¢). 


supports. This condition was caused (1) by the increase in the total weight 
when water was impounded by the weir and absorbed to some extent by the 
channel; and (2) by complicating factors at the intake and outlet. Subse- 
quently, however, these defects were mostly corrected; the experiments were 
conducted under almost ideal conditions; and the results coincided fairly well 
with the writer’s calculated values. 

For example, comparing the experimental and calculated values of various 
formulas of back-water (see Fig. 14(a)) for the case of a smooth rectangular 


< 
« 
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flume, the Dupuit-Masoni formula is found to be the most rational, but the 


values of Sol are a little greater, due to using the Chezy formula in which C 


oO 
is considered as a constant (that is, m being assumed equal to 0.5 In Equa- 


tion (2)). However, this formula (Item No. 2, Table 1) agrees more nearly 
with experiments than any of the others. 

The Dupuit-Masoni formula was adopted for a study of the relation 
derived by Bresse, and the section was a broad one. Errors due to these two 
assumptions are negative in sign and their magnitude is far greater than 
the positive errors due to assuming a positive value of GC. Consequently, the 


ratios, So , by the Bresse formula are slightly too small. 


oO 


The Riihlmann formula (Item No. 3, Table 1) is derived by neglecting the 
change in velocity head in the Bresse formula. It yields values considerably 
in excess of those found by the writer, using a smooth channel with a steep 
slope and a relatively high velocity. This is particularly true toward the 
up-stream end of the profile where the rise in water surface is slight and, 
hence, this formula is not applicable when it is desired to find the position of 
a point which is to be regarded as the upper limit of the back-water. 

The Schaffernak formula (Item No. 5, Table 1) is based upon almost the 
same assumption as the Riihlmann formula. It was found to coincide some- 
what better than the Riihlmann formula with experimental results, since m is 


equal to 0.75, C being regarded as a constant. Values of Sot by this formula 
oO 
are assumed to be considerably greater because the rectangle is assumed to be 


broad and the velocity head is disregarded. 

In applying the Ehrenberger formula (Item No. 6, Table 1), the rectangle 
is assumed to be broad, which gives rise to negative errors, but those caused 
by neglecting the velocity head tend to offset them so that, in general, positive © 
errors dre obtained. However, the errors were found to be relatively smaller 
than in the case of the Riihlmann and Schaffernak formulas. 

In the Baticle formula (Item No. 7, Table 1) the velocity head is disre- 
garded, and the irrational assumption is made that A? R = 2’, for a rec- 
tangular channel. The errors thus introduced are so great as to make this 
formula entirely unreliable. 

The Poirée formula has no theoretical basis in hydraulics, but for a 
rectangular channel its errors were found to be rather less than those of 
some of the more complicated formulas. 

The Tolkmitt formula applies to parabolic sections, and the effect of apply- 

ing it to rectangular sections is to introduce serious negative errors. 
Rough Rectangular Channels.—To simulate roughness, the flume was lined 
with wire netting. Other characteristics were (see Fig. 4(a)): B = Bo 
= 7.874 in.; So = 1:500; Do = 1.97 in.; Vo = 0.886 ft per sec; Dp = 3.937 
in.; and, in Equation (2), m = 0.70 and s = 1.0 in Equation 5(a). Therefore, 
k = 0.88; r = 2.87; and K = 0.16. 


= 
= 
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The back-water curves obtained by experiment and from various formulas 


are shown in Fig. 14(b), and values of So ! are shown in Table 7(b). The 
oO 

back-water distance in this case is somewhat greater than that for a smooth 

flume. 


In the velocity formula as applied to rough channel sections, m = 0.70 
actually; but in the Dupuit-Masoni formula, m = 0.50 so that the errors are 
Soe 


greater than those for smooth surfaces, and values of are always too 


large. : 


In the Bresse formula, errors in the ratio, Sol , are rather smaller than 
1) 
those in the preceding formula because the errors in assuming and those 


introduced by assuming the rectangles to be broad cancel each other. 

Values computed by the Riihlmann formula agree remarkably well with 
laboratory tests because the degree of roughness is great and the velocity is 
small; hence, the effect of neglecting the velocity head is considerably less 
serious than in the case of smooth channels. Moreover, errors due to the 
illogical nature of the formula and those introduced by assuming the rectangle 
to be broad, cancel each other. In this case the errors are smaller in com- 

“parison with those for the smooth channel, and the calculated values agree 
especially well with experimental values in the lower part of the stream 
where the velocity is small. However, the cancellation of various errors in 
this manner is rather accidental and can not be expected to occur in a general 
case. 

Smooth, Right Triangular Channel.—The characteristics of the flume for 
Brae case were: So == .1:500; Do = 1.97 in; De-= 3.937 in.; Vo = 0.866 ft 
per sec; and, Y = 2.0. Furthermore, in case of a triangular section, s = 2.0; 
k = 1.0 (and both these indices are fixed) ; and, m = 0.70. Therefore, 
r= 2xX%2414 (2-1) = 5.4; and,r —2s = 14. 

Back-water curves obtained by experiment and those obtained by calcula- 
tions using the writer’s formula, and other formulas, are shown in Fig. 15 


and values of So ! are shown in Table 7(c). 


{0} 
Originally, the assumption, A?R = 2°, upon which the Baticle formula is 


based, was considered suitable for triangular or approximately trapezodial 
sections, and in spite of the fact that it neglects velocity head, this formula 
yields results that are fairly in accord with experiment. This illustrates the 
predominant importance of the shape of the section. 

Positive errors due to assuming a broad section are quite serious in apply- 
ing the Bresse formula to smooth, triangular channels. Since the Chezy 
formula is also involved, introducing other positive errors, the total is quite 
considerable. 

The Riihlmann, Schaffernak, and Ehrenberger formulas are based on the 
assumption of a broad section; and the velocity head is neglected, so that 
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the errors are all positive and considerable. Serious errors, likewise, are 
introduced in working with the Poirée formula. 

Rough Trapezoidal Channel.—The characteristics of the flume for this 
ease (see Fig. 18(c)) were: da = 11.81 in.; a = cot 9 = cot ADO lie 
So = 1:500; Do = 3.987 in.; Dy = 7.874 in.; Y = 2.0; Q = 0.625 cu ft per — 
sec; and Vo = 1.453 ft per sec. 


6.0 


5.5 


4.5 


Series 1 


Values of D in Inches 


0 20 40 60 80 100 
Values of J in’ Feet 


Fig. 15.—Back-WatprR MEASUREMENTS; TEST VALUES COMPARED WITH RESULTS BY 
VARIOUS INVESTIGATORS ; SMOOTH, RIGHT-TRIANGULAR CHANNEL (Sun Fia. 8(d)). 


The total length of the channel was 12 m (89.37 ft), but the cross-section 
was large in comparison with the length. The effects of the inflowing water 
at the up-stream end and of the latticed weir at the lower end extend quite a 
distance into the channel, reducing the length of a stream in which there is 
uniform flow, and the effective length is only about 30 ft. Moreover, in order 


to obtain the same ratio, So 


, it was necessary that the channel be longer than 
oO 

a flume of less depth of water so that nine series of tests were required. Due © 

to the skill of the operators, the results were more uniform than was expected 

(see Fig. 16). 


In the writer’s method of computation: a = 1; yp = = =o; feed eet na ‘ 
, 3 
ss 0 rd 
and 1+@ — 20 
we 9 


Referring to Fig. 9, the average values of s and k between the limits, 
y = 1.01 and Y = 2.20, are s = 1.28 and k = 0.535. In the velocity formula. 
m equals 0.7 so that r = 3.60; r — 2s = 1.04; and, K = 0.286. 
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Therefore, the integrals, , and @., for any arbitrary values of 2 may be 
oO 
read from the curves of Fig. 8. With given values of s and r introduced in 


So l 

oO 
such back-water curves as those shown in Fig. 16 can be plotted. For com- 
parison the back-water curves based on various formulas are computed and 


Equations (21), the values of (see Table 7(d)) can be determined easily, and 


- these are shown by solid-line curves in Fig. 16. 


12.0 


ray 


1.0 


Series 9 


Series 


~ 


0.0 


Series 7 Batic 


9.0 


ee Series~ 
1 2 


Values of D in Inches 


Values of t in Feet 
Fig. 16.—Back-WaATER MEASUREMENTS; TEST VALUES COMPARED WITH RuSULTS BY 
Various INVESTIGATORS; ROUGH TRAPEZOIDAL CHANNEL (Sup Fic. 13(c)). 

The Tolkmitt formula was derived for application to the parabolic section. 
Because of the analogy of this section to the cross-section of the ordinary 
river channel, this formula gives results that are fairly in accord with actual 
conditions. Positive errors are produced because m = 0.5 was used in the 
velocity formula, but errors due to the difference between sectional shapes are 
negative and relatively large so that the total errors are negative and are not 
large. In applying the Bresse formula to rough trapezoidal channels errors 
due to the shape of the section and the Chezy velocity formula are both posi- 
tive and, therefore, fairly large. 

Use of the Riihlmann formula introduces positive errors due to the shape 
of the section, the velocity formula, and the fact that the velocity head is 
neglected. The resulting errors are positive and the largest of those produced 
by the several formulas. 

The velocity equations involved in both the Schaffernak and Ehrenberger 
formulas are closer to actual conditions than that in the case of the Riihlmann 
formula, and errors are also considerably less. 

In the case of the Baticle formula, the assumption as to the shape of the 
cross-section is closer to actual conditions than in the case of the Riihlmann 
formula; but the errors are greater. 


¢ 
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10.—MEASUREMENT OF Drop-Down 


In the experiments to study the drop-down, the same channels were used 
as in the case of the back-water except that the depth of water was more 
shallow and the velocity and the slope of the water surface were increased. 
Tests were made at depths, Do, of 3.937 in. and 5.906 in.; and the slopes were 
So = 1:500, 1:1 000, and 1:2 000. 

Smooth Rectangular Channels——Referring to Figs. 8(b) and 13(a), 
Bo = 1.874 in.; Do = 3.937 in.; Ds = 2.46 in.; So = 1:1000; Vo = 1.885 ft 
Do 
Ds; 

The height of the water surface is measured at 50-cm (1.64-ft) intervals, 
but near the lowest end of the channel where the slope of the water surface is 
steep, readings were taken at 20-cm (7.874-in.) intervals; four observations, for 


per sec; Q = 0.298 cu ft per sec; and Z = = 1.60. 


° | were plotted; and the drop-down curve from 


s 
Ds = 2.461 in. to D = 38.839 in. was traced. 
The critical depth, D, (the limit between jet flow and ordinary flow) was, 


3f f2 ; 
Di N = = 2.232 in. Therefore, in order to prevent the occurrence of 
g 
the transition from ordinary flow to jet flow so as to interfere with the drop- 
down, the depth, Ds, at the lowest end of the channel was selected as 2.46 in. 


So | 


oO 


4(a), in which m = 0.70; and s = 1.0, the average value of k between Z = 1.60 


Computation of the Ratio, ——In a rectangular channel, such as Fig. 


and z = 1.01 is determined from Fig. 9, as follows: a = 0; »p» = —2 = 2; 
Do 
2 
L fe = 2 ; and k = 0.47. Therefore, r = 2.74, and K = 0.202. 
BL : 


The integrals, ¥, and &., for a series of z-values are read from Figs. 5, 6, and 


7, for r = 2.74 and s = 1.0; the ratio, So ! 
oO 
values in Equation (20); and J is computed by simple, algebraic transposition. 
If the curve corresponding with r and s lies between two adjacent curves of” 
the integrals, ¥, and W., the problem is solved by interpolation. 
As is evident from Figs. 6 and 7(a), the values of W., expressing the effect 
of the change of the velocity head, are relatively quite important for drop- 
down measurements as compared with back-water measurements. It is only by 
multiplying them by the coefficient, K<1, that the values of W, are made 
smaller than W, which expresses the friction loss (see Figs. 5 and 7(b)). 
Consequently, it is clear that all the current drop-down formulas in which 
the velocity head is neglected, are entirely inadequate. 
Referring to Figs. 5 and 7(a), the increase in W, as compared with the 
increase in z is very small when z exceeds a certain value. For instance, 
the difference of U, between z = 3.0 and z = 2.0 is almost equal to zero. Accord- 


, 1s obtained by substituting these 


May, 1936 BACK-WATER AND DROP-DOWN CURVES 675 


ingly, the actual distance between the two sections is very small, which means 
that the water surface falls so considerably as to outlaw the formulas now 
in current use. Moreover, the application of this method of computation is 
limited to the part of the channel in which the flow is normal; it is not 
applicable to the parts of the channel shallower than Dz, such as the case in 
which z = 2 at the lower end of the channel. 

Test Measurements for the Drop-Down Curve is Smooth Rectangular 
Channels——Test values for drop-down, with corresponding values derived by 
current formulas in use, are plotted in Fig. 17(a), and corresponding values 


of Sol are shown in Table 8(a). 


So l 
TABLE 8.—Dror-DowN MrasurEMENTS; Comparison or THE Ratio, —2— , 
DETERMINED BY EXPERIMENT AND BY ForMULAS wy 
Values of | Values | Labora- . 
Do of D, in tory Mononobe | Tolkmitt* | Bresse Kozeny Ghats Riihlmann 
Cathy, inches test 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
(a) SmoortH RecTANGULAR CHANNEL 
1.50° 2.628 0.0053 OZ0046) Ter auc. 0.0039 0.0030 0.0113 0.0154 
1.40 2.815 0.0132 OCOLSO Seana 0.0131 0.0102 0.029 0.0390 
1.30 3.030 0.0376 OS0S890) See econ 0.0324 0.0257 0.057 0.0771 
1.25 3.150 0.0628 ROG S OL. Navas ciate 0.0494 0.0392 0.082 0.1059 
1.20 3.280 0.0916 OC OOS RN) on ~ ates 0.074 0.059 0.117 0.146 
1.15 3.425 0.140 OSI Se a cteyeiees 0.114 0.0924 0.165 0.204 
1.10 3.580 0.201 OP LOG ie mmo sreterate 0.182 0.151 0.248 0.299 
1.05 3.752 0.307 ORG LA are ccesie re 0.323 0.275 0.423 0.488 
1.01 OOOO eb eartinmenns OST OU ee itis sts Oy Tae eee eh eet eee 0.969 
(b) Rouen RecTANGULAR CHANNEL 
1.9 2.073 0.0026 OTOOSS. advise <ieieys 0.0018 0.0013 0.0032 0.0040 
1.8 2.190 0.0064 OLOOCO LA Mesvnsuers 0.0045 0.0036 0.0072 0.0096 
5 lye Oasis 0.0118 O.O122" lee oust ek 0.0092 0.0073 0.0127 0.0171 
1.6 2.462 0.0195 OSLO 2050 5 hte srenttce 0.0158 0.0128 0.0209 0.0277 
Teta) 2.628 0.0350 070846" 9) wa aaa 0.0268 0.0214 0.0323 0.0431 
1.4 2.815 0.0613 OC O05 CS Wh essecne 0.0448 0.0354 0.0500 0.0667 
1.3 3.030 0.0956 20062 arnt 0.0757 0.0602 0.0780 0.1048 
4 3.150 0.152 0.164 0.134 0.107 0.138 0,174 
ia! 3.280 0.292 0.321 0.270 0.219 0.269 0.326 
1.05 3.425 0.449 0.507 0.439 0.370 0.440 0.516 
1.01 ee gcarU De [Mel 4 ctsies 1.005 DES9C4 Water tess OL aeete ae 0.997 
(c) Smooru, TRIANGULAR CHANNEL 
.156 0.0052 0.0063 0.0100 0.0214 0.0146 0.0250 0.285 
7G 328 0.0137 0.0132 0.0248 0.0515 0.0413 0.060 0.0686 
1.15 3.424 0.0258 0.0245 0.0528 0.0996 0.0816 0.108 0.128 
1.10 3.58 0.053 0.051 0.0988 0.178 0.151 0.191 0.223 
1.05 3.75 0.117 0.115 0.202 0.337 0.283 0.367 0.410 
1.01 3.9 0.285 0.307 0.494 ey d okt ee ot Pv oerey ok ocr : 0.892 
(d) Rove TRapnzomwaL CHANNEL 
w2L 0.0030 Os COMST oe es che ere 0.0054 0.0049 0.0177 0.0236 
ep aba 0.0121 OV0098F exit rmm 0.0224 0.0177 0.0457 0.0617 
1.25 4.72 0.0269 OPMOLTO MME, fie. site 0.0368 0.0291 0.0707 0.0905 
1.20 4.915 0.0458 O0StO Si Wek see 0.0584 0.0478 0.1057 0.1306 
1.15 5.14 0.0713 OsO0bs2) |. agen 4 0.0953 0.0772 0.154 0.189 
1.10 5.36 0.097 Us. OOG Taal tice na.e 0.158 0.131 0.237 0.283 
1.05 5.615 0.220 J St AD hae oe ars 0.290 0.255 0.414 0.472 
1.01 Be Shas He ofa (CO | Bsc: 0.680,-—|. (a eaves. dW cae 0.954 


* Blank spaces indicate values not determinable. 


In the Kozeny formula, the velocity head is considered and m = 0.70 in 
the velocity formula, but the section is assumed to be a broad rectangle so 


Inches 


in 


Values of D 


Di 
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(a) Smooth Channel 


zo 


Z) 


| Bresses 
ij 


& 
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ea 


Zo) a 
VA eeu 


es! 


Values of l in Feet 


Fic. 17.—Drorp-Down MrASUREMENTS; TEST VALUES COMPARED WITH RESULTS BY 
Various INVESTIGATORS; RECTANGULAR CHANNEL (Sep Fie. 4(a)). 
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So t 


“that —2— becomes very small. In other words, negative errors are produced 
oO 


and they become greater toward the low end of the flume. 

In the Bresse formula, the negative errors due to assuming a broad rec- 
tangular section, and the positive errors due to assuming m = 0.5, cancel each 
other. The resulting errors are negative, but rather smaller than those intro- 
duced in the Kozeny formula. 


The value of Sol is increased considerably in the Riihlmann formula due 
oO 

to neglecting the velocity head and to assuming that m = 0.5. This error 
is slightly reduced by the assumption of a broad section, but the ultimate 
errors are very great, being more than 200% in the down-stream part of the 
flume. 

In regard to the Schaffernak formula, m = 0.75 is too great a value for 
a channel such as that used in the experiment because the degree of roughness 


is relatively slight, and negative errors are produced for So ! , so that the 


oO 
resulting errors are considerably less than those involved in the Rithlmann 
formula. 
Rough Rectangular Channel.—For this test, the smooth rectangular 
channel was made to simulate roughness by lining it with wire netting. Other 
Bharacteristies were: Bo = 7.874 in.; Do = 3.987 in.; So = 1:1000; Q 


= 0,180 cu ft per sec; Vo = 0.863 ft per sec; Dz == 1.968 ins, 2 = 2a NE 
s 


: E 
and D, = Ve = 0.136 ft. 
g B 


The actual depth of water at the low end of the flume was 1.67 in. which 
was almost equal to the calculated values of the critical depth of water. 
For convenience in computing the back-water curve, the section at which 
the depth of water, Ds = 1.968 in., is used as the starting point. Applying the 
Bs ah golest tae eae 
ee Te ane eter py 
Do w 4 
and the average value of k, from 7 = Oto z = 1.01, is k = OA6. Finally, 
r = 2.75; and K = 0.078. Values of the integrals, #, and W2, can be read 
directly from Figs. 5, 6, and 7, Then, similar to the case of back-water com- 


writer’s formula: s = 1.0; m = 0.70; a = Ooi acs= 


l ; 
putations, it is possible to calculate the values of So from Equation (20). 
oO 


_ Experimental values and calculated drop-down curves obtained by using 


; : Sol ; 3 
various formulas are shown 1n Fig. 17 (b), and values of —°- are given in 
oO 


Table 8(b). 
In computing drop-down by the Rithlmann formula, the negative errors 


due to assuming a broad cross-section, the positive errors introduced by neg- 
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lecting the velocity head, and the assumption that m = 0.5, cancel each other, 
and the errors are negligible except in the low end of the flume, but the can- 
cellation of the errors is rather accidental. 

Accidentally, the algebraic sum of the positive errors introduced by the 
Schaffernak formula due to neglecting the velocity head, and the negative 
error involved in assuming that m = 0.75, is almost equal to the error caused 
by assuming that m = 0.5. For this reason the result agrees well with that 
of the Bresse formula. 

Smooth Triangular Channel.—The characteristics of the flume for this 
Do 
Ds; 


test were: So = 1:1000; Do = 3.94 in.; Ds = 3.03 in; Z = == 573 0)3 


Pps 
Vo = 1.083 ft per sec; Q = 0.1165 cu ft per sec; and Dp = | 2Q@ = 0.243 
g 


in. Experimentally D, was found to be 2.98 in., but for convenience the back- 
water is assumed to occur at the section where Ds = 3.02 in. 

The computation by the writer’s method is as follows: s = 2.0 (a con- 
stant); & = 1.0 (a constant); m = 0.70; r = 5.4; and K = 0.247. 


6.0 
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Bae aera ur MEASUREMENTS; Test VALUES COMPARED WITH RESULTS BY 
ARLOUS INVESTIGATORS ; SMOOTH, RIGHT TRIANGULAR CHANNEL (Sen Fie. 8(d)) 
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As before, the integrals, ¥, and W., are read from Figs. 5, 6, and 7, and 


Dot 


the ratios, , are computed by Equation (20). The experimental as well 
oO 


as the calculated drop-down curves based on various formulas are shown in 


Fig. 18 and the caleulated values of So | based on various formulas are shown 


in Table 8(c). 5 

For the triangular channel section in general, positive errors are intro- 
duced by ignoring the velocity head, by assuming rectangular or parabolic 
sections, and by assuming that m = 0.5. Being all positive in sign these 
errors become quite serious. 

The Kozeny formula involves the velocity head and m is assumed equal to 
0.70; but the effect of assuming a broad channel section offsets the favorable 
conditions, and errors greater than 150 or 200% are produced. This indicates 
once more the importance of the shape of the cross-section in computing the 
drop-down. 

Because of the assumption that m = 0.5, errors are introduced in the 
Bresse formula which are even greater than those in the Kozeny formula. 

The Riithlmann formula applied to smooth triangular channels, involves 
excessive errors due to various causes, which are all positive. The result is 


that the total error is a serious one; for example, at the point where oe 
= 1.01 (that is, near the extreme upper end of the drop-down), the errors are 
about 200% and near the lower end of the drop-down these errors are as much 
as 400 per cent. 

In the Schaffernak formula, m is assumed equal to 0.75, so that errors are 
somewhat smaller than those of the Riihlmann formula. 

Rough Trapezoidal Channel.—The characteristics of the flume for this 
ease (see Fig. 13(c)) were: ao = 11.81 in.; a = cot 9 = Tit Ses U0 a LS 
— 5.91 in.; Vo = 1.837 ft per sec; Q = 1.338 cu ft per sec; De = 3.937 in.; 


erage = 1.50: | aia 
D 


s 
The critical depth of water, Do, was computed as 4.016 in. and by experi- 


ment was found to be 3.937 in. By the writer’s method, therefore, a = 1; 
2 
pees oy) tk and LEE SS, 
Do Le 2 we 2: 


Hence, referring to Fig. 9 to find the average values of s and k between 
%—135 andz = 1.01, s = 1.31; k = 0.57; and m = 0.65. Therefore, r = 3.58; 


and K = 0.30. 
The test values for drop-down and those calculated from various formulas 


are shown in Fig. 19, and the calculated values of Sol , obtained by using 
oO 


several formulas are found in Table 8(d). on 
In applying the Kozeny formula to rough, trapezodial flumes positive 
errors are introduced by assuming broad cross-sections, and small nega- 


Inches 


Values of D in 


% 
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tive errors by assuming that m = 0.70. However, the total errors are Jess 3 
in this case than in the use of the other formulas, because the velocity head is 


taken into consideration. 


10.0 


60 80 100 120 160 
Values of / in Feet 


Fic. 19.—Drop-Down MEASUREMENTS; TEST VALUES COMPARED WITH RESULTS BY 
VaRIOUS INVESTIGATORS; RouUGH TRAPEZOIDAL CHANNEL (SED Fic. 138(c)). 

The velocity head is considered in the Bresse formula, but since m 
is assumed equal to 0.5, errors are introduced which are greater than those by 
the Kozeny formula. 

In using the Schaffernak formula, m = 0.75 is too great, and insignificant 
negative errors are introduced, but because the velocity head is ignored, the 
positive errors are still too great. i 

The total errors involved are greatest in the case of the Riihlmann formula 
because it introduces most of the unfavorable conditions cited. 


11.—Conotupina REMARKS 


In formulas for back-water and drop-down which are in current use the 
errors that enter because of illogical assumptions are: 


(1) Errors Introduced by Assuming OC in the Chezy Formula as a 
Constant.— 


(a) In back-water computations, the actual value of C increases consider- 
ably with an increasing depth of water in a down-stream direction. Hence, 


1d 


Kari 


May, 1936 BACK-WATER AND DROP-DOWN CURVES 681 


if C is assumed constant and equal to its value for the original uniform flow, 
“the computed surface slope, S, becomes steeper than the true slope. The 
depth of water is constant at the weir so that the computed distance, l, between 
the weir and the section where the depth of water is D, becomes too small. 


Moreover, So and Do are fixed values so that the ratio, So ! is too small, and 


> 


. . . 0 
the error involved is negative. 


(b) In drop-down computations the computed velocity is more than the 
actual if C for the case of uniform flow is used; consequently, the drop com- 
puted is too great and positive errors are introduced. 

2 

(2). —Errors Created by Neglecting the Change in Velocity Head, (¥).— 
wt \29 

(a) In the case of back-water, the velocity, V, decreases in a down-stream 


‘ 2 
direction and the value of “ (f ) is negative. Neglecting this factor, 
v g 

the computed slope, S, is steeper than the true slope corresponding to the fixed 
quantity of flow, Q. Since the depth of water at the lower end of the flume 
is constant, the calculated water level at points toward the upper end of 
the flume is too high; consequently, the elevation of the back-water is too 


high, so that Sol becomes too small, and negative errors are produced. 


oO 
2 
(b) In the case of drop-down, “ (=) is positive; and if this term is 
v g 
disregarded, the computed slope, S, that is necessary to maintain the flow, Q, 
becomes small and the drop-down in the surface becomes much too great. 


Positive errors greater than 100% are often introduced in the values of Sol, 


oO 
- especially near the lower end of the flume. 

(3).—Errors Caused by Assuming the Channel Section to Be Very Wide.— 

(a) In the case of back-water, the effect of assuming a wide cross-section 
is the same as assuming that the wetted perimeter, P, is equal to the width 
of the surface. That is, the hydraulic mean depth, R, is assumed to be 
greater than its true value. Thus, the value of S in Equation (1) becomes 
too small, and positive errors are introduced. 

(b) The result of using too small a value of S, in the case of drop-down, 
is to make the computed water-surface slope steeper than the true surface 


ie: 
slope and, consequently, the computed value of So , is too great. 
Oo 


The foregoing conclusions, and supporting arguments, indicate that 


ol, 


formulas for drop-down and back-water in current use, result in ratios, 


oO 
which are either too great or too small. The effect of adopting illogical 
assumptions is to superpose positive and negative errors. In certain cases 
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these errors may cancel to some extent, but more often they build up into 
serious discrepancies of one sign or the other. For this reason many of the 
old formulas have yielded data involving seriously large errors, especially in 
the case of drop-down. 
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DYNAMIC DISTORTIONS IN STRUCTURES 
SUBJECTED LO SUDDEN EARTH SHOCK 


By Harry A. WILLIAMS,! Assoc. M. AM. Soc. C. E. 


Synopsis 


An inspection of earthquake records indicates that the ground may have 


practically harmonic motion for several successive swings after the initial 


shock. The amplitude and perhaps the period of the motion is then changed, 
sometimes quite radically. Some engineers feel that it is scarcely possible, 
under these conditions, for a structure with a period of vibration very close 
to that of the ground to attain critical distortions because of insufficient time 
for the amplitude to build up. This paper contains the results of model 
experiments on a single-mass system and a theoretical analysis of the behavior 
of an elevated water tank, all subjected to a sudden shock followed by har- 
monic vibrations. The results indicate that for single-mass structures in 
the near-resonance condition, critical displacements can be built up before the 
type of ground motion changes. There is as yet insufficient experimental evi- 
dence from which to draw similar conclusions for multi-mass structures. 


EXPERIMENTAL PROCEDURE” 


The experimental investigation, which was made in the Vibration Labora- 
tory at Stanford University, in California, dealt with the dynamic equivalent 
of a single-mass structure. A diagrammatic sketch of the model as installed on 
the shaking-table is shown in Fig. 1. The operation of the vibrating system 
was as follows: The table was given a sudden acceleration by dropping the 
pendulum against the bumper spring. When the stiff bumper spring recoiled, 
contact with the pendulum ceased, and the latter was withdrawn from action. 
The resulting motion of the table—the ground motion—was harmonic, the 
amplitude gradually decreasing because of friction. 


Norn.—Discussion on this paper will be closed in September, 1936, Proceedings. 

1 Asst. Prof. of Civ. Eng., Stanford Univ., Stanford University, Calif. 

2¥Wor a complete mathematical analysis see “Vibration Research at Stanford Univer- 
sity”, by L. 8S. Jacobsen, Bulletin, Seismological Soc. of America, Vola19y Note Le 
March, 1929. 


ona 
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The model consisted of a 4-in I-beam approximately 2 ft long, supported 
and guided on three balls and having a tension spring attached to each end. 
The model was constructed so that the amount of viscous damping (resis- 


4-in. 1-Beam 
Brass Plate Electro-Magnet 
Pendulum 
Anchor Pap SR ae) 


Fie. 1. 


tance to vibration which is directly proportional to velocity, such as that 
offered by air or fluid friction) could be varied and the effect on the model 
motion studied, by fastening a brass plate on the under side of the I-beam 
in such a way that the plate moved through a magnetic field set up by two 
electro-magnets. The damping that resulted from this arrangement was 
directly proportional to the relative velocity of the model with respect to the 
shaking-table. It was found that constant or sliding friction could be neglected 
in the experiment. 

Wires were attached to the model and to pens in such a way that records 
could be obtained simultaneously for the motion of the shaking-table, the abso- 
lute motion of the model with respect to the floor of the laboratory, and the 
relative motion of the model with respect to the table. Since the engineer 
is concerned only with the relative motion of a structure with respect to the 
ground, the records of absolute motion have not been included in this paper. 

The motion of the shaking-table, which was the same for all tests, is 
shown by Curve 4 in Fig. 2. The pendulum was in contact with the bumper 
spring for 0.077 sec. During the impact the table received a maximum abso- 
lute acceleration of 14% of gravity, this maximum occurring at the end of 
0.035 sec. After contact between the pendulum and bumper spring ceased, 
the table vibrated with a damped harmonic motion, the period of which was 
0.508 sec. It reached a maximum amplitude of 0.23 in. on the first swing, at 
which point the acceleration was 8.5% of gravity. 

All the curves of relative motion in the paper are upside down with 
respect to ground motion. It was necessary to take the experimental records 
in this form and the theoretical curves were made in the same way to be 
consistent. , 

Tests were made with three different sets of springs for the model. The 
spring factors were such that in the first series of tests (Fig. 2(a)), the free 
period of vibration for the model, 0.390 sec, was less than the period of the 
table; in the second series (Fig. 2(b)), it was 0.534 sec, or very nearly the same 
as that of the table; and in the third series (Fig. 2(c)), it was 0.611 sec. With 
each set of springs, tests were made for three different degrees of viscous 
damping by varying the current through the electro-magnets. Ourve 1 of 
Fig. 2(b),,for instance, records the test in which the viscous damping con- 
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stant, cs, was quite small. It is increased from 0.05 to 0.10 and thence to 


0.15 lb per in. per sec in the tests recorded in Curves 2 and 3, respectively, of 


Fig. 2(b). 


Very good agreement was obtained between the experimental records and 


corresponding theoretical curves. 


Discussion AND ANALYSIS oF Test REsuLTS 


When the pendulum strikes the bumper spring on the table, the latter is 
accelerated for a very short period—0.077 sec in the present case—after 
which the pendulum ceases to affect the natural free vibration of the table. 
The amplitudes of these free vibrations are reduced by friction until motion 
finally ceases. Only the first two or three complete oscillations of the table 
are of interest in this investigation. An examination of the records shown 
in Fig. 2 reveals that: 

(1) When the free period of the model is somewhat less (Fig. 2 (a)), or 
somewhat greater (Fig. 2(c)), than that of the table, the amplitude is not 
large, and the maximum is attained in a very few cycles; 

(2) When a near-resonance condition prevails (Fig. 2(b)), the amplitude 
is large, and the time required to reach the maximum is somewhat longer; and 

(8) The effect of increasing the viscous damping factor, cs, is to decrease 
the amplitude. 

With reference to Item (2), it is important to notice that the amplitude 
built up in the first few cycles is large when compared to the maximum. 
The enveloping curves for these tests, plotted in Fig. 3, show that a large 
percentage of the maximum amplitude reached in any given test is attained 
very quickly. 

In connection with Item (8), the effect of damping on the period of vibra- 
tion is negligible. If the friction is small, the amplitude will build up some- 
what more rapidly and will be greater eventually than if considerable friction 
is present. The curves of Fig. 3 show that friction has no appreciable effect 


during the first few cycles. Theoretically, this would be expected since the — 


major part of the damping results from the presence of the exponential 
factor, e-xm‘, in the mathematical expression for displacement. When f¢ is 


small, this factor differs but little from unity, and, therefore, the amplitude 
decreases slowly. Hence, the presence of a moderate amount of viscous fric- 
tion in an actual structure may not prevent the attainment of dangerous 


amplitudes. A critical amplitude may be reached before friction has much 


effect. 


Brwavior or Mopet ror DIFFERENT Prriops or TABLE Morton 


Theoretical curves in Fig. 4 show the behavior of the model for three 
different table motions. In Fig. 4(a), the period of the table is greater than 
_ that of the model; in Fig. 4(b), it is the same as in Curve 3 of Fig. 2(b), 

which is the near-resonance condition; in Fig. 4(c), the table period is smaller 
than that of the model.’ 


’The mathematical expressions used in plotting the curves in Fi 


those developed by Professor L. S. Jacobsen, in hi “ i g. 4 are similar to 
University”, Bulletin, Seismological Soc, of ‘America, Vol” 19 et ee popes Stanford 
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The result, in general, is the same as for the actual tests. As the system 1 
is removed from the near-resonance condition, the maximum amplitude isi 
less than it is for that condition, and it is built up in a very few cycles. 

It should be emphasized at this point that the distortion attained by the? 
vibrating mass is directly proportional to the ground amplitude. Hence, it is; 
entirely possible for an actual structure to be out of resonance with the: 
ground and still be over-stressed because of the large amplitude of the ground | 
motion. 

Amp.LitupE Versus ACCELERATION 


The preceding discussion has purposely been concerned with the ampli- : 
tude of the motion rather than with the acceleration. In the final analysis, , 
the important item is the stress created in a structure by the ground move- 
ment. If the structure does not distort with respect to the ground, obvi- 
ously there is no stress. A large ground acceleration may cause large distor- 
tions and, hence, high stresses; but these stresses may not actually exist 
until the ground acceleration has decreased almost to zero. Moreover, the 
force causing the high stresses may bear no relation whatever to that ficti- 
tious force so frequently used, which equals mass times acceleration. 


Notation 


The following symbols of this paper conform essentially with “Symbols 
for Mechanics, Structural Engineering, and Testing Materials”, compiled by 
a committee of the American Standards Association, with Society represen- 
tation, and approved by the Association in 1932 (the numbered subscripts are 
consistent with those used in the reference previously cited’) : 

Cs = viscous damping factor for the model, in pounds per inch 
per second. Aus 
F = frequency, in radians per second, of the elevated water tank 


= aoe ; F, = frequency of the table or ground mo- 

= ; 
tiong— NES ; F, = frequency of the model = ./“. 
Mz Ms 

Gz— maximum amplitude of table or ground motion, in inches. 

g = acceleration due to gravity, in inches per second’, 

m = the effective mass of the elevated water tank — ” » In pounds- 

: 
second” per inch 3; Mz = mass of the model. 

rma subscript denoting “resonance condition.” 

T = period, in seconds. 

i time, in seconds. 

Vo = initial absolute velocity, in inches per second, when ¢ = 0. 

Wa total weight. 

Y = displacement with respect to the ground, in inches, 

y = absolute deflection, deformation of spring, or amplitude of the 
center of gravity of a structure, in inches; yo = absolute 
displacement of the ground, in inches. 

TS 


elastic constant, or spring factor for the elevated water tank; 


Ks = spring factor for the shaking-table; x; = spring 
factor for the model, in pounds per inch. iyi ee 


lt Bae 
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THEORETICAL BEHAVIOR OF AN ELEvATED Water Tank 


The model experiments show that the amplitude of motion builds up 
rapidly but, since the model is not intended to show stress similitude, the 
experiments do not indicate at what point the distortion might become critical. 
The behavior of a 125-ft, 50 000-gal elevated water tank is investigated mathe- 
matically with this in mind. A sketch of the structure is shown in Fig. 5. 
For purposes of the investigation, certain assumptions are made: 


(1) It is assumed that the tank is filled with water, but only 50% of this 
water acts as a rigid mass in affecting the motion of the structure. This 


admittedly is a rough approximation. The value was selected because, at the 


time the investigation was begun, it seemed consistent with available data. 
More recent studies, together with records‘ obtained by the United States 
Coast and Geodetic Survey, indicate that it is probably low and that the original 
discrepancies between computed and actual periods were due largely to other 
factors. If the expressions relating to the instantaneous shock properties 
of water in a tank, as given by Professors Hoskins and Jacobsen® are applied 
‘to a rectangular tank having the same cross-sectional area and containing the 
same volume of water as the tank in question, a value of 78% is obtained. 
Professor Hoskins also computed that for shock approximately 75% of the 
water would act as a rigid mass in a cylindrical flat-bottom tank, 19 ft in 
diameter and 17.5 ft high, the same dimensions as the cylindrical portion 
of the water tank. The effect of a considerable error in the assumed value of 

50% is discussed subsequently. 
(2) In order to simplify the problem, it is assumed that the gravitational 


surge of water from side to side in the tank does not materially affect the 


behavior of the structure during the first few cycles. Tests made by the U. S. 
Coast and Geodetic Survey indicate that the vibrating tank tower water 
system may be thought of as a coupled system and that, for certain character- 
istic depths of water in a tank, the resulting oscillations of the system are 
affected considerably by the water surges even during the first few seconds.* 
Experiments made at the Massachusetts Institute of Technology with an ele- 
vated tank tower model show a “cushioning effect” which has been attributed 
to water surge.” The latter tests indicate that to neglect water surge is prob- 
ably on the side of safety for the particular tank tower used for illustration. 
However, experimental evidence does not yet warrant the same assumption 
being made for elevated tanks of all sizes, or with water at any depth. 
(3) The total effective mass, which includes 50% of the water, the tank, 
and its appurtenances, and one-half the supporting tower structure, is assumed 
as being concentrated at the walk line. (It is higher than this for the static 
condition, but if only one-half the water is considered effective during motion, 


it would seem reasonable to lower the center of gravity somewhat, and such an 


assumption does not materially affect the result in any event.) 


4“Opserved Vibrations of Steel Water Towers’, by D. S. Carder, Bulletin, Seismo- 
logical Soc. of America, Vol. 26, No. 1, January, 1936, p. 69. 

5 ‘Water Pressure in a Tank Caused by a Simulated Harthquake”, Bulletin, Seismo- 
logical Soc. of America, Vol. 24, No. 1, January, 1934. 

6 “Changed Blevated Tank Design Required for Safety Against Earthquakes”, by A. L. 
Brown, Bagineering News-Record, October 4, 1934, p. 424. 
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(4) The structure is assumed to rest on a rigid foundation. (Actually, the 
elasticity of the ground under the footings will lengthen the period of 
the structure.) : 

(5) Viscous damping and constant friction are neglected. (Records 
obtained by the U. 8. Coast and Geodetic Survey from the motion of elevated 
water tanks indicate the presence of only a small amount of friction. Damp- 
ing ratios given by Mr. Carder‘ show that friction decreases the amplitude 
of each succeeding cycle about 1%.) 

(6) Initial tension in the diagonal rods is neglected. (The effect of this 
assumption is discussed subsequently.) 


Under the foregoing assumptions, the mass, m, of the system is 663 lb-sec® 
per in., and the elastic constant or spring factor, x = 12300 lb per in.’ 


Hence, the free period of the structure is T = 27 Na = 1.45 sec. Let it 


be assumed that for a number of cycles the ground has a harmonic motion in 
accordance with the expression: 


Pos uGy RUN bs a salg see sae bao bsxare (lo) 


Let it also be assumed that this motion starts when the time ¢ = 0; 
that is, the motion is assumed to start with a fictitious finite velocity from 
the zero displacement position. The differential equation for the absolute 
motion of the system then becomes :* 


m as be Cy <1 Yo): 0 ogias ace ngs chou eres 


dt? 
or, substituting for yo: 
dy A 
KY Ke Gein hn bates oeetet eee G 
a (3) 
The solution of Equation (8) is: 
KG : lm. Kk 
= sin Fy, t — F Nia ik) ag he eee ae 
y Fotis 2 2 \- sin ait) (4) 


For the resonance condition, this expression can be differentiated with respect 


to F,. In the limit, l£ = F,, and the result is: 
m 


Hr =) 0.5) Ge (sin Fo tt— Fit cod F412). eta (5) 


However, this is the absolute motion of the assumed center of gravity. The 
displacement with respect to the ground is: 


Y, = yr — Yo = — 0.5 G (sin F, t + Ft cos Fe t).........(6) 


_'For method of computing the elastic constant see “Co i i 
Period of Steel Tank Towers”, by R. S. McLean and W. W. Moon suni eens Ste Be 
Bulletin, Seismological Soc. of America, Vol. 26, No. 1, January, 1936 D. 63. ae 


’See “Vibration Problems in Engineering”, by S. Timoshenko, p. 13. 
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In Equation (6) the term, sin F, ¢, will be much smaller that F, ¢ cos Fs t. 
Hence, for all practical purposes, the motion can be expressed as: 


Vp he 5 GM on COB AL ae Lease ort %e aeipicial Seg ahs evSeo Gh) 
The resulting motion is shown by Curve A in Fig. 6 for the case in 


which the maximum amplitude of the ground displacement is 1 in. (Displace- 
ments of this order, with periods of 1 sec to 1.5 sec occurred in the Long Beach 
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Fic. 6.—THEORETICAL BEHAVIOR OF BLEVATED TANK. 


- (Calif.) earthquake of March 10, 1933.) If the latter is 0.5 in., the tower 


ST) ee i ay a Eh 


displacement will be one-half that shown in Fig. 6. The maximum allowable 
deflection of the top of the tower, if the elastic limit in the diagonals of the 
top panel is not to be exceeded, is approximately 2 in. This critical value 
will be exceeded near the end of the first cycle of the ground motion, if the 
ground amplitude is 1 in., and, at the end of one and one-half cycles, if 
the latter is 0.5 in. The time element is too short for a moderate amount 


of friction to be of much help. 


Admittedly, the foregoing quantitative results should be accepted with 
some reservations, since their accuracy is limited by the original assump- 
tions. A study of the effect of possible errors in the assumptions, however, 
showed that the results are indicative of the probable behavior of the structure 


during the first few major swings of the ground. If 75% instead of 50% of 
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the water acts as a rigid mass, the free period of the structure becomes 
1.73 sec. When subjected to the ground motion shown in Fig. 6, the relative 
motion is as shown by Curve 0. If 100% of the water is effective, the motion 
is shown by Curve D. The expression used in plotting the latter curves was 
obtained by subtracting Equation (1) from Equation (4). 

The behavior of the structure was studied also for the condition in which 
considerable initial tension was present in all diagonal rods during the first 
few cycles of the ground motion. The elastic constant is increased about 70% 
in this case and the free period is reduced to 1.12 sec. If the ground has 
the same period as before (1.45 sec.), the tank motion curve is of the same 
type as Curve A in Fig. 6, but the cycles are shorter and the peak amplitudes 
are roughly 80% less during the first two cycles. 

It should be apparent that a considerable change can be made in the free 
period of the vibrating system and yet not eliminate the possibility of critical 
distortions occurring during the first few cycles, especially if large ground 
amplitudes prevail. As pointed out in connection with Fig. 4, the period 
of the ground motion can be considerably larger or smaller than the free 
period of a given single-mass structure with relatively little effect on the 
amplitude during the first cycle, or so. This statement is further substanti- 
ated by experiments made at the Massachusetts Institute of Technology with 
an elevated tank tower model.® 

If the initial-tension in the diagonal rods is not large, the behavior of 
the structure is as follows:**" As the top of the tower deflects relative to the 
ground, a pair of rods in the top panel drop out of action first and the elastic 
constant is decreased; a further deflection, and a pair of rods in the second 
panel drop out of action, with a consequent additional decrease in the elastic 
constant. On the back-swing these changes are reversed. If a rod on one side 
drops out of action before the corresponding rod on the opposite side, the 
motion is further complicated by a twisting action, which might be serious. 

The behavior of the structure after the yield point has been reached in the 
top panel rods is even more complicated. (During the following description, 
the reader will do well to bear in mind a typical stress-strain diagram for 
structural steel.) Thus, if initial tension is negligible, the elastic constant 
does not vary until a critical distortion is reached and the stress in the top 
panel rods exceeds the elastic limit. Then this constant is decreased to a 
rough average value which is about 8% of its former value and the struc- 


ture becomes very flexible. If the ground motion continues with the same . 


period and amplitude, the time required for the structure to reach the end 
of its outward swing under these conditions depends largely on its absolute 
velocity at the instant the critical distortion is reached. 

As the structure starts on its back-swing, the rods again increase the 
elastic constant for a short time until they drop out of action because of 
permanent elongation. That is, during the unloading, stress is again approxi- 
mately proportional to strain for a steel rod which has been permanently 
stretched. When the center of gravity of the structure crosses the position 
of static equilibrium, the unimpaired rods which resist motion in the other 


a 
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direction come into action. Under certain conditions, the same cycle could 
be repeated on that side. Once all top panel rods have been broken, the free 
period of the structure will be in excess of 5 sec. 

There is no doubt but that the behavior of an elevated water tank 
beyond the critical distortion stage is an important phase of the problem. 
In the Long Beach earthquake of March, 1933, the top panel rods in many 
such tanks were badly stretched or entirely broken and yet the structures did 
not collapse. It is quite possible that many of the failures took place very 
soon after the start of the major shock and the fact that the elastic cunstant 
for such a structure no longer had a constant value but changed several 
times during a full swing enabled it to “weather” the remainder of the shock. 
Another view is that expressed by Mr. Carder.‘ He points out that, since the 
torsional period of most tank towers was about the same as the dominant 
period (0.3 sec) of the Long Beach earthquake, “it seems probable that much 
of the observed damage to these structures in the Long Beach region resulted 
from the circumstance that a large torsional motion was set up in resonance 
with the earth motion.” 

No attempt is made in this paper to plot theoretical curves for the 
behavior of the structure after the critical distortion has been exceeded, or 
to show the early behavior when there is initial tension in the diagonal rods. 
Any such theoretical computation should be verified by experiment. 


Remarks oN BEeHAvior oF BuILDINGSs 


A single-story building can be expected to act as a single-mass system 
only if the walls are very light in comparison with the roof structure. In 
this case, its response to the initial shocks of an earthquake should parallel 
that of the model on the shaking-table. If the structure has heavy masonry 
walls, it usually cannot be considered a single-mass system and it is difficult 
to design a model that will adequately simulate its behavior. 

Impact tests on a model of a multi-story building have been made by 
Professor Jacobsen. These tests, as yet unpublished, indicate that the 
distortions occurring during the first two eycles of the table motion are as 
large as any which occur later. Further experiment is needed, however. 


Errect or SMALL Waves Berore Masor SHock 


A number of waves of small amplitude usually precede the major shock. 
Tf the period of these waves is very short as compared to that of the struc- 
ture the latter has very little motion, and the effect of the major shock will 
be practically the same as if the system had been at rest. If the preliminary 
waves are in resonance with the structure for a short time, the structure will 
be “tuned in” and the first large swing might be disastrous. 

Several theoretical curves have been plotted (see Fig. 7) which show the 
behavior of the elevated water tank for various starting conditions. The rela- 
tive amplitude for the resonance condition can be expressed as: 


Pe Ve ccnp ge 5 Hark Cog By bdo (3) 
TOL 2 | 


2 


3 
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in which Yo is the initial absolute displacement, in inches; and Vo is the initial | 


absolute velocity, in inches per second, at the instant when ¢ = 0; that ig, at; 
the assumed starting point of the major ground displacements, 
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Fic. 7—THroRETICAL BEHAVIOR OF ELEVATED TANK AT RESONANCE FOR 
Various STARTING CoNDITIONS. 


Referring to Fig. 7, Curve A is the same as Curve A in Fig. 6. The slogan 
of this curve is not zero when ¢t = 0, because of the assumption regarding 
ground motion. Note the slope of the curve of absolute motion in Fig. 6. 
It is assumed for the beginning of Curve B that the previous ground motion 
has been such that when ¢ is assumed equal to zero, the tower has a displace- 
ment of 1 in. to the left and is moving at a velocity of 4.3 in. per sec to the 
right (the same direction as the ground motion on the first swing). The effect 
of the other starting conditions is indicated by Curves ( and D. 

Curves could be drawn for many other starting conditions. Some would 
be more and some less favorable than those shown. There is no consolation 
to be gained from the former because the latter are just as likely to oceur. In 
any event, it is important to note that the rather severe starting conditions 
used in the example materially affected only the first one and one-half cycles. 
This further illustrates the fact that large motions and resonance are a 
dangerous combination at any time even if the condition prevails for only 
a few cycles. 
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ConcLusIONS 


The investigation indicates that if the ground is suddenly accelerated 
from rest or near rest, and then continues for a few cycles with a harmonic 
motion of constant period and amplitude, large displacements will be built up 
for a single-mass structure which is in the near-resonance condition. The 
tests made to date on a multi-story building model indicate that the same 
behavior can be expected of this type of structure. More study of this phase 
of the problem is being planned. 

In the model experiments a moderate amount of viscous damping did not 
materially decrease the amplitudes which occurred during the first few cycles. 
This experimental result does not necessarily mean that friction in buildings 
and other structures should be neglected entirely. Friction in the latter may 
be proportionately greater than it was in the model. 

The results of the investigation further emphasize the desirability of 
designing a structure with a period different from that of an expected 
earthquake. 
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DISCUSSIONS 


PHOTO-ELASTIC DETERMINATION OF 
SHRINKAGE STRESSES 


Discussion 


By Messrs. L. N. G. FILON, AND HOWARD G. SMITS 


L. N. G. Fron,* Esq. (by letter).“"—In view of the importance of the 
problem treated in Mr. Smits’ paper,’, the writer has studied a xylonite 
model made similar to Fig. 16, with a broad strap, there being a projecting 
“dam” on one side only. If the loads atthe ends of the strap are properly 
centered the longitudinal tension, Q, is sensibly uniform throughout a region 
where the distance from the base line, A B, of the dam (Fig. 17) exceeds 
one-fifth the height of the dam. 

However, when the stresses are measured at the point, O, of Line AB 
(Fig. 17), where the shear stress parallel to A B vanishes, Q is found to be 


Wie. 16. Fre. 17.—LINES oF PRINCIPAL STRESS Fic. 18.—Srmp-sy-Stpp METHOD OF 
In Dam Svupsect TO UNIFORM EXPLORATION OF PRINCIPAL STRESS. 


SHRINKAGB, 


(0.65) T and (— 0.35) T, respectively (after applying the corrective pressure, 
T, below A B), on the upper and lower sides of the line, A B, of discontinuity. 
For the case taken by the author (T = 1220 lb per sq in.), these forces would 


Norp.—The paper by Howard G. Smits, Jun. Am. Soc. C. H., was published in May, 
1935, Proceedings. Discussion on this paper has appeared in Proceedings as follows: 
September, 1935, by Messrs. Thomas H. Evans, and I, K, Silverman; October, 1935, by 
J. H. A. Brahtz, Esq.; and March, 1936, by Arshag G. Solakian, Esq. 

16 Prof. of Applied Mathematics and Mechanics, University Coll., London, England. 


36a Received by the Secretary February 18, 1936. 
182 Correction to be made in Line 8 of Footnote 3 of the paper, as follows, “by Mr. 
Coker in a series of five articles * * *”, before publication in Transactions. 
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produce a tension of 793 lb per sq in., and a pressure of — 472 lb per sq in.,,, 
results which differ appreciably from those deduced from Fig. 11. Apparently,’ 
this gives 650 lb per sq in., for the tension above, and 550 lb per sq in, 
for the pressure below, leading to a lesser tension in the dam proper than that 
now found. Furthermore, the stress appears to extend deeper into the base 
of the dam in Mr. Smits’ experiment than in the present case. 

The writer has also traced the isoclinics and lines of principal stress in 
this case. The latter are shown in Fig. 17 and appear to be different, in the: 
upper part of the dam, from those given by the author in Fig. 7(b). Fig. 7(b)) 
is probably incorrect, since the lines of principal stress should approach a free: 
boundary tangentially and normally. 

The device used by Mr. Smits to solve Laplace’s equation empirically is an1 
interesting application of a well-known method originally suggested by L.. 
Prandtl” in connection with the torsion of rods, and further developed by A. A.. 
Griffith and G. I. Taylor. A soap film is preferable to an india-rubber: 
membrane, owing to the difficulty of being certain that the tension in the latter: 
is uniform at all points and in all directions. Even if this condition is satis-. 
fied initially, it is likely to be disturbed when the india-rubber sheet is clamped | 
between templates as described, any rapid variations of height of the edge 
involving appreciable pinching, which must modify the tensions postulated. 
This seems to be a more serious source of error than the exaggeration of the 
slope, as it may well not be localized. 

This method assumes, of course, that the equation to be solved is 
Laplace’s equation; in other words, that the material under consideration 
is perfectly elastic. The same assumption is made in applying those methods 
which depend on measurement of lateral extension or contraction. So far 
as the writer’s experience goes, bakelite is a material which is very far from 
being perfectly elastic, and it exhibits considerable strain-creep and optical 
creep with time. The author does not state whether any precautions have 
been taken to eliminate them. 

Mr. Smits is to be congratulated on having been able to obtain specimens 
of bakelite of adequate size apparently free from large initial double refrac- 
tion. The bakelite obtainable in England is badly affected in this way, and 
comparatively useless for photo-elastic work. 

It is not quite clear why the author (following Fig. 4) describes what he 
calls the method of graphical integration (but which the writer would prefer 
to call the step-by-step method) as “long and tedious.” A similar statement 
appears in another paper.” It would seem that engineers are under a misap- 
prehension as to the work involved in this method. 

If A and B (Fig. 18) are two near points on a line of principal stress, P, 
through the middle point, C, of A B, draw a perpendicular to Line A B, meet- 
ing at U, V, respectively, any two neighboring isoclinies which correspond to 

 Physicalische Zeitschrift, Vol. 4, 1903. 


8 Engineering (London), Vol. 104, 1917, pp. 658, 699. 


2“The Stress Function and Photo-Blasticit i iW 
Brahtz, Esq., Proceedings, Am. Soc. C. E., Baptentive, eRe Totee 89 fete 


ae 
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inclinations, b, 6 + A ¢, of the polarizer and analyzer to any standard direc- 
tions of reference. Then, 


Eee Mer Whee (Oe oe PY gi ad ceases ead) 


UV 
in which A@ is usually a small whole number of degrees, which must be 
multiplied by 0.01745 to yield A ¢, in radians. 

Now, in any photo-elastic investigation, both the isoclinics and the lines 
of principal stress are fundamental ,and will have to be drawn in any case; 
Q — P at any required point can be obtained in a variety of ways: (1) By 
interpolation between isochromatics; (2) by direct measurement with a com- 
pensator; or (3) by varying all loads on the model together in such a ratio 
that an isochromatic of a given order passes through the point. Thus, the 
data entering into the right-hand side of Equation (11) are immediately to 
hand; the value of P; — P, is then calculated in a few moments with a 
slide-rule. 

In this manner it is possible to work along a line of principal stress and 
obtain the value of P, step by step, at a number of points. If the investigator 
suspects inaccuracies, owing to an accumulation of errors, there is an impor- 
tant check, which should be applied frequently. For example, the investi- 
gator may reach the same point, using different rectangular zigzag paths along 


lines of principal stress, and, if the values agree (as they do when the work 


has been done carefully), the stresses found can be accepted with considerable 
confidence and used as a basis for further exploration. 

There is no necessity for “graphical” integration in the ordinary sense; 
nor need the steps, in general, be inconveniently small. What is essential, 
however, is that the isoclinic lines shall have been obtained accurately in the 
first instance. For this, visual observation, with bright illumination and a 
good graticule of reference, is necessary. An ordinary photograph is usually 
not adequate for this purpose. 

This step-by-step method” is entirely independent of the elastic properties 
of the material and is not based on the assumption that the substance used is 
perfectly elastic. It does, however, involve the assumption that stress differ- 
ence is proportional to optical retardation, and this law generally holds well 
beyond the elastic limit. 


Howarp G. Smits," Jun. Am. Soo. C. E. (by letter).“*“—The writer is 
gratified with the variety of viewpoints expressed by the discussers of his 
paper, particularly since the mathematical solution of the problem is complex 
enough to make the approach extremely difficult and, at best, only approximate. 

Mr. Silverman has questioned the shape of the tested model, feeling that 
the strap was too narrow in relation to the size of the dam. Fortunately, 
when Professor Filon performed a similar test, he used a model similar to 


2 Rept. of the British Assoc. for the Advancement of Science, 1923; also, Engineering 
(London), Vol. 116 (1923), pp. 511-512. 

a Structural Designer, O. G. Bowen, Los Angeles, Calif. 

21a Received by the Secretary March 23, 1936. 
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that suggested by Mr. Silverman. The difference in results obtained by 
Professor Filon and the writer would indicate that this geometric change in 
the model has bearing on the quantitative result. It is unfortunate that a 
relatively wider strap was not used in the original experiment. 

A re-check of the material as originally presented has been made, which 
led to the corrections noted in the last paragraph of this discussion. The 
agreement between the experimental results as now correctly presented and 
the results obtained from the mathematical expression derived by Mr. Brahtz ; 
is very gratifying. Mr. Brahtz estimates that Equation (10) gives a value: 
which is 10% too high due to the omission of the terms of higher order. Thus,, 
Equation (10) may be adjusted to read: 


Gave 1.04.11 = 0.1) K Bi 0.936. KB... dojaya len ee 


When K = 0.0006 and ZH = 2000000, Equation (12) yields: o, = 1123 lb pert 
sq in. This is comparable to the sum of the maximum stresses on either side: 
of the line of discontinuity at the ground line. From Fig. 11 these stresses: 
are shown to be 525 Ib per sq in. and 650 lb per sq in., giving a total of| 
1175 Ib per sq in. Professor Filon evaluated these two stresses at 793 Ib: 
per sq in. and 472 lb per sq in., for a total of 1265 Ib per sq in. The three 
values obtained (1123, 1175, and 1265) fall in a narrow region, showing 
very good agreement between the three approaches. 

Professor Filon takes exception to the lines of direction of printipal stress 
as drawn by the writer in Fig. 7(b). At no time did the writer observe iso- 
clinic lines which, when plotted, would give the sudden change of direction in 
the lines of principal stress, indicated in Professor Filon’s Fig. 17, near the 
faces of the dam. It is to be noted that in all cases the lines of principal 
stress approach the free boundaries normally and tangentially in Fig. 7(b). 

The advisability of using a rubber membrane is questioned by Professor 
Filon. Concentric circles were drawn on the rubber before stretching, and 
these were found to remain true circles in plan, both after stretching and 
after placing between the aluminum dies. It 
was only after observing this precaution that 
the writer felt justified in assuming a uniform 
tension in the membrane. : 

The bakelite used in this work was not 
free from initial double refraction until after 
the specimen had been carefully annealed. The 
annealing operation presented several difficul- 
ties. However, once properly heated and 
cooled, the model remained free of initial 


PP Lakh hiel | stresses for some time. In performing the 
FAVae Pees experimental work on the model, the element 
0 4 Ss Pauioae FA16 : * 

Strain, in 10™ Inches per Inch of time was always considered to decrease the 
Fie. 19. effect of optical creep. 
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Fig. 19 represents a stress-strain diagram for the bakelite used in the 
model. The relationship indicates a remarkably straight line, which showed 
little tendency to creep with time. 

Mr. Solakian presented some very interesting material in the three condi- 
tions considered by him. It is unfortunate that more detailed information 
was not given, both quantitatively and qualitatively, particularly in relation 
to Condition (3). It is noted with particular interest that a bakelite cement 
has been perfected with physical qualities such that it is adaptable to photo- 
elastic work. The writer has long sought such a cement. The next step in 
approximating actual conditions with the photo-elastic method is now possible. 
Bakelite blocks can be cemented together simulating the manner in which 
they are now actually cast in the field and the entire model tested as a unit. 
Engineers interested in dam construction will look forward to the publication 
of the results of photo-elastic tests made on models built with construction 
joints. 

The following corrections will be made when this paper is published in 
Transactions: In May, 1935, Proceedings, page 602, line 3 below Fig. 7, 
change “having already been applied” to “having not been made”; in the 
caption to Fig. 10, change “0.0016 inch per inch” to “0.0006 inch per inch 
(# = 2.000 000)”; and, in Fig. 10, of the three 400 contours, change the middle 
one to 600. 
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FLOOD-STAGE RECORDS OF THE RIVER NILE 


Discussion 


By Messrs. KALEM OSMAN GHALEB, AND C. S. JARVIS 


Karem Osman Guaes,” Esq. (by letter).°*—Since 1926 the writer has been 
connected with the nilometer on Roda Island, on behalf of both the Irrigation 
Department and the Committee for the Preservation of Arabic Monuments. 

In 1925, the column of the nilometer subsided about 7 em and became 
detached from its upper support; it was propped up, to prevent it from falling. 
In December, 1926, pulsometers were used to unwater the well, so as to fix 
the column in position but, when the water level was lowered to about 2 m 
from the bottom of the well, dangerous cracks appeared in the walls and 
the unwatering had to be stopped lest the entire structure collapse. The 
Egyptian Parliament voted £20 000 (Egyptian) in the financial year beginning 
April, 1929, for the repair and restoration of the monument (see Fig. 16), 
as well as the expropriation of land surrounding it. 

The column is an octagonal marble pillar with an enlarged base; the capital 
is an addition, probably of the Eighteenth Century. The engineer who erected 
the column in 861 A.D., has left a full description of its graduations. He 
states that it is divided into 19 equal cubits; in fact, at the upper end of © 
the cubit just below the capital is inscribed in relief, in Arabic in Cufic 
characters, the words, “nine (&) ten cubits.” As far as has been ascertained, 
the column is broken in three pieces: The top break, which is indicated 
on the drawing made during the Napoleonic Expedition, has been well 
repaired; the two ends of the lower break have been badly joined together, 
and the corresponding cubit now measures 21 cm only instead of, the usual | 
length of 54 cm. As in the case of the Suez Canal, the French savants. 
attached to the Expedition, who have left such a wonderful detailed record 
of the monument, made an extraordinary mistake; in the Canal they had 
found a great difference in levels between the Mediterranean and the Red 
Seas; in the Roda nilometer they mistook the top cubit for the sixteenth; 
and one of them—the famous Arabic scholar, Marcel—when he returned to 


Norre.—The paper by C. 8. Jarvis, M. Am. Soc. C. E., was published in August, 1935, 
Proceedings. Discussion on this paper has appeared in Proceedings, as follows: Novem- 
Pee et Wee igs a rece ee an Soc. C. E.; December, 1935, by Messrs. R. W. 

; . E. Hurst, omas H. eans, J. W. Beardsley, and J. C. : 
January, 1936, by Jesse W. Shuman, M. Am. Soe. C. EB. J mmmienkinee Sr 
6 Insp.-Gen. of Irrig., Lower Egypt, Cairo, Egypt. 
60a Received by the Secretary April 2, 1936. 


May, 1936 GHALEB ON FLOOD-STAGE RECORDS OF THE RIVER NILE 703 


Fic. 16—View oF Ropa NILOMETER AS Proprep Up 1N 1925 To Prevent Iv FROM FALLIN 
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take service in Egypt years later, indicated that mistake and read the top 


cubit as the seventeenth. When the well is completely unwatered it will be 


possible to ascertain whether the French embedded the lowest part of the 
column, or whether they replaced it on the floor, as formerly, and simply 
neglected to take account of its base in counting the number of cubits 
to the top. 

However that may be, the reason for the apparent unpredecented rise dur- 
ing the final century of record of another 6 cubits, mentioned in the paragraph 
following Table 1 of the paper, can now be easily explained; the 3 full cubits 
suppressed by the French savants, become 6 cubits in the readings for the 
maxima stages of the river, which are above the sixteenth cubit, where half 
cubits are read as full cubits. The French thought accordingly that lands 
watered at the beginning of the Nineteenth Century, when the Nile level was 
at 16 cubits, were previously irrigated at between 13 and 14 cubits. Another 
similar error seems to be current now; it is stated in the paragraph following 
Table 1 of the paper, that the flood-stages that indicated an assurance of 
plenty progressed gradually from 16 to 20 cubits on the Roda gauge. This 
statement must be due to a confusion in the translation of the mediaeval 
chronicles, the three stages of the rise of the river corresponding with the 
three categories into which the agricultural land of Egypt was divided being 
taken for one stage only. 

The low lands were watered when the Nile reached 16 cubits; the middle 
lands were irrigated at 18 cubits; and the high ones at 20 cubits. On the 
oceasion of each of these stages there was a special festival, and water was 
let into a canal by the cutting of a cross-bank. The first of these festivals 
was for the “Wafa”, mentioned by Mr. Jarvis, the second was for the 
“Neirouz” (the New Year’s day of the agricultural year, which has now 
become the beginning of the Coptic year); and the third for the “Saleeb” 
which falls seventeen days after, and which is now also kept as a religious 
Coptic festival. 


As far as historical times are concerned, the 16 cubits of the Nile have 


allowed a sufficient supply; that is, there was no chance of starvation when 
that level of the river was reached. The Arabs, on conquering the country, 
adopted this same criterion and called it the “Wafa.” Consequently, there 
has been no rise in the level of the water required to irrigate the land and, 
therefore, that land itself cannot have risen appreciably. The writer con- 


—_ 


_siders that deducing the secular rise of the Nile flood-plain by dividing — 


the thickness of a local deposit by a number of centuries results in showing 
Egypt to be much younger than it really is and that (as mentioned by the 
author under the heading “The River Nile in Egypt’’) other methods of 
reckoning, etc., almost invariably indicate much longer periods of geo-morphic 
development and are more accurate. 

Fig. 17 shows the niches in the western wall of the well by which the 
gauge-reader was guided at the beginning of the rising flood; the “Wafa” 
stage was reached when the water attained the small bottom niche to the 


right, as the sixteenth cubit coincides with the bottom of the rounded cornice — 


which touches the top of the arch of the main opening. At that stage 
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- the column could only indicate the thirteenth or fourteenth cubit due to the 
misreading of the graduations; that is, considering the highest cubit as 
the sixteenth or the seventeenth instead of the nineteenth. This led the gauge- 


Fig. 17.—Wystern WALL or WELL SHOWING METHOD OF GRADUATING THN NILE GAUGE. 


reader to add the difference to the “supposed” correct reading of the column, 
and also to consider the length of the cubits from the sixteenth to the twenty- 
second as one-half that of the ordinary cubits (this method of reckoning is 
imaginary, as there are no such graduations as those mentioned in the text 
following Fig. 1 of the paper; it is amusing to note how a scientific meaning 
can be attributed to a popular error). The seventeenth cubit coincides 
with the bottom of the lower Arabic inscription and the highest niche. 

The Egyptian peasant may be illiterate, but he has known, from time 
immemorial, the level at which his land is watered; he will say, for example: 
“My land is irrigated at the fifteenth cubit” meaning that it will get its 
water when the Nile rises to that cubit. This is actually the case for the land 
still remaining under basin irrigation in Upper Egypt. It is the custom to 
design the level of the floor of a head-sluice of a flood canal to a given cubit, 
corresponding to the level of the land it has to water. It seems futile, there- 
fore, to resort to the exaggeration of the Nile flood levels and create false 
records for increasing revenues; a “bad” government can force peasants to 
pay undue taxes without resorting to such a farce. 

The Roda gauge records under review indicate the yearly highest and 
lowest readings of the level of the Nile at Cairo. The minimum readings 
that used to occur in May and June (it has even happened that the Roda 
branch of the river has been quite dry in certain years) have béen affected 
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by the regulation on the Delta Barrage during the latter part of the Nine- 
teenth Century and, from the beginning of the present century, the stored 
water at Assuan has also had its effect. Consequently, the bottom under- 
ground-water passage to the well on the eastern side is now inaccessible and _ 
it is probable that the short top tunnel (which is not, indicated on the 
drawing in the atlas prepared by the French Expedition) was added in 
the middle of the Nineteenth Century to replace it. The maximum levels 
might have been slightly affected in certain years by the emptying of basins, 
but the greatest error that must be corrected is that due to the misreading 
of the graduations of the column; it will be fortunate if it can be proved 
that the pillar was considered as originally designed (that is, 19 cubits), 
until the end of the Eighteenth Century. 

From the Napoleonic invasion onward, the records are unreliable, and 

it is necessary to know the period during which the readings were made on 
a column the top cubit of which was considered to be the sixteenth; then 
it is necessary to know the date at which it became the seventeenth cubit. 
When was-'the column broken anew and one of its cubits considerably short- 
ened?) When were the sixteenth to the twenty-second cubits considered to be 
half cubits? In 1887, a metrical scale was fixed in the Roda branch of the 
Nile; thé ‘readings on that scale are'trustworthy, but their conversion to cubits 
gives false results. The two following examples are to the point. 
' Bxample (1).—Sir W. ‘Garstin, the Under Secretary of State for the 
Irrigation Department, writes” when comparing the flood of 1892 with those 
of previots years: “The recorded maximum gauges of 1874 and 1878 are 
appallingly high, but it is more than probable that they are exaggerated, 
and incorrect.” Referring to the year 1887, Sir Garstin continues: “Work- 
ing on the above lines, it may then be assumed that the maximum height 
reached at Roda was 25 cubits 15 digits in 1874 (instead of 26 cubits 12 digits 
as recorded) and 25 cubits 14 digits, in 1878 (instead of 26 cubits 6 
digits).” 

Example (2)—When Sir William aWilleocks was editing an Arabic tech- 
nical review in the early Nineties, one of his party of engineers (engaged 
on precise leveling in connection with the fixing of the site for the Assuan 
Dam) contributed an article on land levels in Egypt. Among other items 
of information he states that, on October 15, 1893, the gauge reading of 
the Roda nilometer was 20 cubits 7 digits, which corresponds to a level 
of 18.04 m according to the method of reading indicated by Falaki (the well-: 


known astronomer), whereas the reading on the 1887 metrical scale is 18.50 m. 
Where is the truth? 


C. S. Jarvis,” M. Am. Soo. C. E. (by letter).°*"—The generous response to 
this paper’s presentation as indicated by the various discussions, each con- — 
tributor working painstakingly along a separate thread and apparently disen- 
tangling some of the knots, has amply repaid the writer for the effort. 


= “Note on the High Flood of 1892”, p. 9, Egyptian Govt. Press, 1893. 
e Hydr. Engr., Soil Conservation Comm., Washington, D,. C. 
“a Received by the Secretary April 18, 1936. 
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Mr. Gillette’s views regarding cycles as affecting rainfall and related 
phenomena are the product of many years of study in this field, and deserve 
serious consideration. Mr. Davenport’s studies have resulted in definite con- 
tributions to the science of hydrology, particularly as applied to the River 

Nile. His comparsion of the Nile with the Mississippi River and also with 
the Colorado River enables one to visualize the Nile floods more clearly and tc 
account for their seeming regularity. 

Both Mr. Hurst and Mr. Ghaleb are particularly equipped with informa- 

tion gained from actual experience, in contrast with that collected from 
technical research and forming the 


basis of this presentation. Even 7% 265 
the differences of viewpoint and opinion YG. m7; 
between two qualified observers, such ng | / i 
as these, are interesting and instruc- 20.084 Lf Boa 8 
tive. Perhaps the graduations of the % 7 
Roda nilometer will be better under- 195! 23 
stood by reference to Fig. 18.” te : wok 
Mr. Means was engaged in a study 4,798 fe 
of the Nile River flood records about 1843S 20 2 
the same time that this paper was 1816 = i9 3 
being prepared. His personal observa- 17.89" ¢ = 18 2 
tions in Egypt during a period of 17.628 u 
duty and travel there some years ago en ets if = et 
probably fitted him for discussing the #,, et 2 
broad phases of the Nile River dis- ra 2s 
charge so clearly and authoritatively. 81627 14 
Mr. Beardsley’s personal observations, i 
including the photograph which he '%78 13 
furnished (Fig. 7), showing the Roda e 3 
nilometer, are valuable contributions ; eee es 
likewise, his drawing constituting ,,,, 2, uz 
oO 


Fig. 8. 

The significance of Mr. Stevens’ 1421 
work in smoothing out the entire 
record by means of both 10-yr and 
50-yr averages should increase with 
each reference to it. Mr. Shuman has 
made a strikingly clear exposition of 
his theories regarding the applicability 
of various cycles to the Nile flood 
records, and has added some significant historical notes. 

During the preparation of the paper, the writer found the work of making 
complete statistical analyses of the records of the various centuries too exten- 
sive and time-consuming to complete before publication. He has since com- 
puted all the arrays, with plotting positions computed according to the modified 
ee tae Se eee 
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Fig. 18.—THp NILE GAvuGE AT RODA. 


& Memoirs, Inst. of Egypt, Vol. 9, 1925, Pl. PAL 


708 JARVIS ON FLOOD-STAGE RECORDS OF THE RIVER NILE Discussions 


California method.“ It is remarkable how nearly coincident the first seven 
or eight centuries of record are thereby proved to be, with gradual displace- 
ment upward to keep pace approximately with the known sedimentation rate 
in the Lower Valley. Fig. 19 portrays the flood-frequency trends for both 


the earliest and the latest century of record, and also for the 1173 items © 


representing the 1300-yr period. 
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Fic. 19—CoOMPARISON oF FLOOD FREQUENCY TRENDS OF THE NILE RIVER AT RODA FOR ; 


BARLIEST AND LATEST CENTURIES oF 1300 YRaRs. 


By reference to the statistical arrays covering the thirteen centuries of 
record, it is found that, of the 51 annual flood heights registering 20 m, or 
more, above mean sea level as observed at the Roda gauge, 30 of these occurred 
during the Thirteenth, or final, century, whereas 13 occurred during the 
Twelfth, 3 during the Eleventh, 4 during the Tenth, and 1 during the Eighth 
of these consecutive centuries. Of the total number of annual flood heights 
at or above 18.00 m, the tabulated totals for the respective centuries, listed in 
chronological order, are 24, 20, 22, 18, 24, 44, 33, 67, 79, 32, 87, 61, and 96. 
Except for the Tenth and Eleventh Centuries, all are complete, or within one 
or two items of complete century records. The Tenth and Eleventh Centuries 
have only 33 and 44 items, respectively, and should be combined for compari- 
son with other century records. The number of annual flood events register- 
ing lower than 17.00 m for the consecutive centuries presents another series; 
thus 11, 20, 11, 18, 2, 4, 2, 0, 1, 1, 2, 0, and 0. ‘ 


%* Water Supply Paper 171, U. S. Geological Survey. 
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The foregoing references to the statistical arrays and plottings of the data 
heretofore presented in this paper and known to be affected by errors and 
elements opposed to comparability and homegeneity, are made for the purpose 
of presenting results of tedious calculations so that others may avoid 
repetition of the process. 
~ Qareful comparison of Roda gauge heights attained by annual floods since 
1870, with flood volumes, or total annual discharge, as shown in Figs. 1 and 3 
of the paper, should convince the most skeptical that Nile River flood peaks 
are usually fair indications of either the four-month flood discharge, or of the 
annual volume passing the respective gauging stations (see Figs. 20 and 21). 
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Fig. 20.—TRANSCRIPTS OF DATA FROM Fics. 1 AND 3 FOR COMPARISON AND CORRELATION. 


However, in the textual notes available in French®, several instances are men- 
tioned in which the peak attained “Wafa”, but receded so promptly as to cause 
famine and distress; or, having attained a moderate stage, it continued thus 
in spite of the use of a portion for basin irrigation, and brought bounteous 


® Memoirs, Inst. of Egypt, Vols. 4 and 9, pub. about 1925. 


710 JARVIS ON FLOOD-STAGE RECORDS OF THE RIVER NILE Discussions 


nN 
ny 


Note: The Maximum 10-Day Averages Shown 
as w, are Obviously Less Than the Flood 


Peaks, Therefore all of the Data Represented ig 
by the Symbol w’Would Displace to the Right e 
if the Peaks for Those Years Were Available Te 
for Plotting by Means of the Symbol A, and | / 

the Correlation Would Thus be 

Improved. 


20| A= Maximum Annual River Stages ——7/ 
at the Aswan Gauge above the. 
Assumed Datum, 71.0 m, or 
232.9 ft, above Mean 


np 
4 


y — Observed Flood Volumes of 
18 the Nile River at Aswan, 
July to October Inclusive 


¢ Annual Discharge Volumes 
of the Nile River at Aswan 


Maximum Annual Flood Stages of the Nile at Roda Gauge 
Meters above Mean Mediterranean Sea Level 


0 20 40 60 80 100 91 92 93 94 95 96 
Discharge in Cubic Feet per Second Meters above Mean Mediterranean Sea Level 
4 


2 2 
Meters above Datum, Elevation 71 Meters 


Fic. 21.—Corre“atTion or Nitn River DiscHARGES aT ASSUAN WITH MAXIMUM FLOOD 
Sraces aT RODA AND ASSUAN. 


crops. Generally, however, the high-flood peak meant plentiful water supply 
and full harvests, unless the stage was too high; and low-flood peaks meant 
famine and privation. Throughout the ages of history, the gifts of the Nile 
have been numerous, and reasonably dependable. 
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DISTRIBUTION OF STRESSES UNDER 
A POUNDATION 


Discussion 
By Messrs. A. A. EREMIN, A. CASAGRANDE, AND A. E. CUMMINGS 


A. A. Eremin,® Assoc. M. Am. Soo. C. E. (by letter).“*—Basing his com- 
putations on the Boussinesq equations, Mr. Cummings has developed some 
empirical formulas for computing stresses under a foundation resting on sand 
fill. These formulas yield stresses that are smaller than those obtained from 
the experiments shown in Fig. 4. The stresses 
at the center of the boundary area in Cases III 
and IV are equal to 200% of the stresses pro- 
duced by uniformly distributed loading. 

In Fig. 4 they are shown, erroneously, as_be- 
ing infinite. Evidently, stresses under a founda- 
tion computed on the assumption that the load 
distribution is in the form of a cone, will 
check experimental observations closer than those 
computed for Cases I to IV, inclusive. 

Case V—Conic Distribution (n = 8)—In 
the case of a conic distribution of stress beneath 
a foundation, the volume of the cone equals the 
total load and the reaction at the center -is 
equal to 3p (see Fig. 19). The equation of the 


Bae expressed by: Fie. 19—Conic DISTRIBU- 
30 TION OF LOADING Bn- 
— o ae: NEATH. A CIRCULAR BEAR- 
aia (tre Pata, (ese (20) eee Cha 
e 


Substituting Equation (29) and Equation (5) in Equation (3) (with 


Norn.—The paper by A. BE. Cummings, Assoc. M. Am. Soc. C. H., was published in 
August, 1935, Proceedings. Discussion on this paper has appeared in Proceedings as fol- 
lows: October, 1935, by Messrs. Clement C. Williams, D. P. Krynine, and L. C. Wilcoxen ; 
November, 1935, by Messrs. Marshall G. Findley, and M. A. Biot; December, 1935, by 
Messrs. Jacob Feld, George Paaswell, and G. 8. Salter; and January, 1936, by Messrs. 
W. S. Housel and N. M. Newmark. 

58 Assoc, Bridge Designing Engr., Bridge Dept., Div. of State Highways, Sacramento, 


Calif. 
53a Received by the Secretary January 17, 1936. 
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n = 8 and z = d), the formula for the vertical normal stress becomes, 


r=Te O= 277 
P2 = i eelrepary iam » 2 ash (30) 
Qn (+ 1°)8 Tr, 
. r=0 0=0 
Integrating and simplifying: 
d 
heey | ee i ees | FEIN GI 20 Gri t0.c (81) 
‘ ae ( AV a+ =) 


In Equation (31), by making d = 0, the pressure at the boundary plane, pz, 
becomes equal to 3 po, or 300% of the pressure for uniformly distributed 
loading. 

Case VI.—Conic Distribution (n = 6).—Substituting Equation (29) and 
Equation (5) in Equation (3) (with n = 6 and z = d), the formula for the 
vertical normal stress is, 


r=re O= 277 

p= f fegim he nreas nt (32) 
2a (d+ 17°)* 1 
=0 0=0 
Intergrating and simplifying, 
4 2 cons 
p= 8p6(1 bp AIL ais (ISR aie sll tan ait) .. «(38) 
4(P?+r)? 8@+17%) 8re d 


By making d = 0 in Equation (33) the pressure at the boundary plane 
is pe = 30, or 300% of the pressure computed for uniformly distributed 
loading. At the deeper planes the pressures computed for conic distribution 
of loading, with n = 6, are close to the average stresses shown in Fig. 4, 
which were determined by experiments. 

The Boussinesq equations have considerable theoretical value. Various 
simplified theories of computing the stresses under a foundation are based 
on them. In computing the stresses under a large foundation, however, a 
theory based on an assumed pyramid distribution of the stresses has con- 
siderable advantage. Paul Miiller* has computed the stresses and deforma- 
tions under a foundation in this manner and has found that such stresses and 
deformations are closely in agreement with those determined by the Boussinesq 
equations. He assumed a pyramid the sides of which were inclined at an 
angle of 35° to the vertical. In plastic soils the side angles vary from 35 to 90 
degrees. : 

The problem of computing stresses under a foundation is very complicated 
and requires extensive experimental and theoretical study. Mr. Cummings 
has contributed a valuable experimental analysis. 


A. CASAGRANDE,” Esq. (by letter).“"—The question of stress distribution 
in a semi-infinite elastic body, which was treated so successfully by Boussinesq — 
fifty years ago, has since been extensively elaborated. Unfortunately, most © 
publications on this subject are little known to foundation engineers, in spite 


% Die Bautechnik, 1934, p. 377. 
5% Prof., Graduate School of Eng., Harvard Univ., Cambridge, Mass. 
55a Received by the Secretary March 31, 1936, : 
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of the fact that these solutions could be applied to many problems in the 
field of earth and foundation engineering. This situation is probably due 
to the intricate mathematics involved. It is desirable, therefore, that the 
results of such theoretical findings should be presented to the Engineering 
Profession in a form easily understood and adapted to ready application. 
The author has been successful in presenting, in a concise and clear man- 
“ner, those results of Boussinesq’s studies which are most important in founda- 
tion engineering. He has also presented a recent modification of Boussinesq’s 
equations which makes possible a semi-empirical approach to the problem of 
stress distribution in soils that do not follow Hooke’s law; and finally, he 
has compared the most outstanding experimental investigations with theory. 
This comparative analysis of experimental results and theoretical solutions 
‘is very enlightening, and its careful study is heartily recommended to those 
who desire information on the degree of deviation which may be expected 
between computed and actual stress distribution in a homogeneous mass 
of soil. 

Mr. Cummings has confined himself to considerations of stress distribu- 
tion within a semi-infinite, elastically isotropic body. Frequently the boundary 
conditions or the lack of homogeneity of the soil mass is such that the assump- 
tion of an isotropic, semi-infinite body represents only a rough approximation. 
Fortunately, mathematical solutions are available for a number of cases with . 
more complicated boundary conditions, and even for elastically anisotropic 
materials, restricted only by the assumption of the validity of Hooke’s law. 

A condition frequently encountered is the presence of a practically incom- 
pressible stratum (rock) underlying a compressible soil stratum. Usually, 
it will be correct to assume the surface of the incompressible stratum to be so 
rough that no slippage between the two strata can occur. The other extreme 
would be represented by a frictionless rigid bed. In either case the vertical 
displacement in the elevation of the rigid surface is reduced to zero by 
forces acting in an upward direction, thereby increasing the concentration 
of stresses. 

The presence of thin sand layers within an otherwise isotropic mass of 
clay has a restraining influence which can be idealized by the assumption 
of an infinitesimally thin, inextensible, flexible layer. 

Following a suggestion by the writer, M. A. Biot® made a comparative 
study of the effects of such discontinuities on the stress distribution for point 
and line loading. For this analysis he used an original approach, although 
some of the solutions were found before by Michell, Melan, and Marguerre. 
The results are shown in Fig. 20, in which the stresses are plotted to such a 
seale that the maximum stress for Boussinesq’s solution, is taken as unity. 
For the case of a vertical point load, P, the maximum normal stress on a 
horizontal plane at a depth, z, is expressed by: 


ede, emia: Sc Poche a OIE f 29.5022 
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56 “Wffect of Certain Discontinuities on the Pressure Distribution in a Loaded Soil”, 
by M. A. Biot, Physics, December, 1935. 
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in which, in addition to the notation of the paper, ¢ = the maximum normal 
stress on a horizontal plane; and C = a constant with values as shown in 
Table 3. For the case of a line load, p, per unit length, the maximum normal 
stress on a horizontal plane at depth, z, is expressed by: 


pest SP tea a rr 
Te 


Values of + Values of 4 


Stress Distribution 
under Point Load 


Stress Distribution 
under Line Load 


Values of C 


2.0 


Fie. 20. 


It will be noted that Equations. (34) and (85) are built up so that they con- 
sist of the product of a numerical constant and another term which is identical - 
with Boussinesq’s solution. Thus, these constants immediately indicate the 
degree of deviation which the presence of the boundary produces if compared 
with the stresses in the semi-infinite homogeneous body. 


TABLE 3.—Vatues or C in Equations (34) AND (85) 


(sce Fe 20) Description Equation (34) | Equation (35) 
Bichoran es s-oile cities fils Boussinesq’s distribution................. 1 1.000 
OP ames slate okt Frictionless rigid base 1.711 1.441 
Bieta Agila, s,ssyol ciate Rough rigid base........ 1.557 1.291 
CAR Cet ahs Carte tae tae Inextensible flexible layer................. 0.942 0.935 


The relative amount of concentration caused by the presence of an incom- 
pressible sub-stratum decreases with an increasing ratio of the width of the 
loaded area to the depth of the rigid bed. When this ratio is greater than 
unity, the stresses beneath the interior of the loaded area approach those 
computed by the integration of Boussinesq’s solution. 


- 
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Although the presence of a single, inextensible layer causes only a small 
reduction in the maximum stresses, it is likely that the presence of many such 
layers (as is the case, for example, in certain varved clays) would cause an 
appreciable spreading of the load, if compared with Boussinesq’s distribution. 
According to Professor Biot it would be possible to solve such cases, although 
it would require a large number of computations. In view of the fact that 
such computations need to be made only once, and if available in published 
form, could readily be applied, they would represent a worth-while contribution 
to soil mechanics. 

Another way to approach the problem of determining the stress distribu- 
tion in stratified soils is by assuming an anisotropic material possessing a 
greater modulus of elasticity in the direction parallel to the planes of stratifi- 
eation. Solutions for anisotropic, elastic materials, corresponding to those 
of Boussinesq, have been found by Michel” and Wolf®. 

If, for example, a soil stratum consists of alternating layers of sandy silt 
and clay, the moduli of elasticity, H, and H., of each of these materials can 
be determined from tests on undisturbed samples. Assuming, for the sake 
of simplicity, these layers to be of equal thickness, then the average moduli of 
elasticity in a horizontal and a vertical direction for the entire stratum can 
easily be derived mathematically, and are found to be: 


tA: a RDN AP RRS vs eR ARC E TS 
y) 
and, 
E,+ £, 


Equations (36) and (37) become somewhat more complicated if the thick- 
nesses of the alternating layers are not assumed to be equal. For example, if 
EB, = 1000 kg per sq em, and #, = 100 kg per sq cm, Equations (36) and (87) 


_ yield Ey, = 550 kg per sq cm, and #, = 182 kg per sq cm, respectively. When 


substituting these values in the formulas derived by Wolf® for a line load, 
one arrives at a maximum stress along the center line which is only about one- 
half the value for such a stress in an isotropic material. It is true that 
integration over a finite area and relatively shallow depth results in a smaller 
reduction of the stresses. However, even an average reduction of 20% or 80% 
in the stresses in that part of the soil which contributes most to the settle- 
ment of a structure, is of great importance in a settlement analysis, particu- 
larly when the soil is preconsolidated under loads greater than the present 
over-burden. 

Such cases are much more difficult to evaluate analytically where a thick 
stratum of sand or gravel overlies a stratum of compressible soil, because 
the assumption of an average modulus of elasticity for the sand layer deviates 
materially from the actual conditions. The modulus of elasticity within the 
sand layer increases in proportion to the depth, and there is an additional 


57 Proceedings, London Math. Soc., Vol.. 32, 1901. 
58 Zeitschrift fiir angewandte Mathematik und Mechanik, Vol. 15, No. 5. 
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increase in its magnitude beneath the loaded area, due to the stresses produced 
by the load. Taking all factors into account, the modulus of elasticity in 
the sand layer is largest below the center of the loaded area. 

For such conditions, computations based on Boussinesq’s stress distribu- 
tion may lead to estimates of amount and distribution of settlements far in 
excess of those actually observed. The writer has had opportunity to study a 
number of such cases and he has noticed invariably that such sand and gravel 
layers, overlying compressible strata, reduce the magnitude of the stresses in 
the compressible layer by spreading the load, and are very effective in smooth- 
ing out those differential settlements which would take place if Boussinesq’s 
equations were applicable. 


An analytical approach to the problem of stress distribution in a stratum 


of clay that is overlaid by a stratum of granular soil is very difficult. For an 
approximate solution one may replace the actual thickness of the harder, 
upper stratum by a thicker layer of the softer underlying soil, whereby the 
assumed increase in thickness is a function of the ratio of the moduli of elas- 
ticity of both soils, a method suggested by Terzaghi™. 

In connection with an investigation of the probable settlements of an 
extension to an existing utility structure, of which accurate settlement records 
were available, the writer has applied the foregoing method, as well as Equa- 
tion (3) in the paper, with n-values less than three, to obtain computed settle- 
ment curves which would correspond in shape to the observed settlements. 
These buildings are resting on a layer of sand 30 ft thick, that is underlaid 
by 100 ft of clay. The results obtained with both methods are practically 
identical. One might argue that, from a purely theoretical standpoint, the 
method of increasing the thickness of the upper stratum is preferable because 
Boussinesq’s formula permits the application of the law of superposition. 
However, when one considers the large variations of the modulus of elasticity 
within the sand stratum, both methods are equally objectionable from a 
theoretical point of view. 

The actual settlements of the edge of the loaded area are larger in relation 
to the settlement of the central part, than according to either of these approxi- 
mate methods. Due to the larger stresses beneath the central part, the modu- 
lus of elasticity in that region of the sand is large and hence individual loads 
are distributed over a wider area, than the same loads near the edge, where 
the smaller stresses mobilize a smaller modulus of elasticity. Further- 
more, the distribution of the loads near the edge is unsymmetrical with the 
greater concentration on the outside of the loaded area. Although it is not 
possible to consider these variations by either of the aforementioned approxi- 
mate methods, the writer has found that one can arrive at satisfactory solu- 
tions by assuming the loads in the central part acting at a higher elevation 
than the loads along the edge, with a gradual transition for loads intermedi- 
ately situated. This procedure is similar to the method in which the thickness 
of the harder stratum is increased, except that the increase is not constant, 
but a minimum at the edge. The writer found that, for a layer of sand over- 


5° “Bodenpressung und Bettungsziffer’, vo 
Oesterreichische Bauzeitung, No. 25, 1932. He Pe Ae beth ae ea 
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lying a medium stiff clay, the loads may be assumed distributed over a 
thickened layer, the upper border forming a semi-ellipse with the horizontal 
axis equal to the width of the loaded area, and the vertical axis equal to 
one-half the thickness of the sand stratum. This simple rule is, of course, 
subject to modification as more observation data become available. 

The objection may be raised against this solution that the surface on 
which the loads are applied is not plane, and that, therefore, Boussinesq’s 
formulas do not apply. However, it must be remembered that as soon as one 
deals with sand, none of the suggested methods has any scientific value, but 
that these methods only represent rules-of-thumb for arriving at stress dis- 
tributions which are similar in character to those actually observed. There 
would be neither more nor less reason to assume a probability function for 
such a distribution, rather than Boussinesq’s equation, or the modification by 
Griffith-Froehlich, if it can be shown that such a function also approaches 
the observed distributions. If one tried to retain Boussinesq’s formulas, it 
would be merely for the sake of convenience, since very useful numerical and 
graphical solutions are available for such formulas.” 

Stress computations of the foregoing type are used, in combination with 
the necessary data on the physical properties of the soils, for analyzing 
settlements and the stability of foundations. 

For a settlement analysis one is, often satisfied to compute the volume 
decrease due to the normal stresses on horizontal planes. This approach is 
simple but involves two approximations: First, that the rate of volume 
decrease is equal to the volume decrease observed in a compression test with 
lateral confinement (consolidation test), and is independent of the distortion 
of the mass; and, second, that the effect of the normal stresses on vertical 
planes, and of the shearing stresses on volume decrease, can be neglected. 

Regarding the first assumption, in 1931, the writer™ succeeded in demon- 
strating with a new type of shearing apparatus that the compressibility of 
clays is increased by simultaneous deformation. Unfortunately, no data are 
as yet available as to the amount of this increase for undisturbed clay, and 
for the magnitude of distortion as normally encountered in the soil underlying 
structures. The writer believes that for such conditions this influence is 
negligible. 

The second assumption leads to errors which, for the majority of founda- 
tion problems, are tolerably small. Besides, in many cases, where the loading 
is simple, it is not necessary to introduce such an approximation, because it is 


6 Influence table by Glennon Gilboy, Assoc. M. Am, Soe. C. E., pub. in the Progress 
Report of the Committee on Barths and Foundations, Proceedings, Am. Soc. C. H., May, 
1933, p. 781; tables for normal and shearing stresses, for various load conditions, by L. 
Jiirgenson in “The Application of Theories of Blasticity and Plasticity to Foundation 
Problems”, Journal, Boston Soc. of Civ. Engrs., July, 19384; and graphical solutions for 
distribution of normal stresses and deformations under rectangular loaded areas, by W. 
Steinbrenner, in ‘‘Tafeln zur Setzungsberechnung”, Die Strasse, No. 4, 1934; and influence 
tables for the same case by N. M. Newmark, Jun. Am. Soc. C. E., in “Simplified Computa- 
tion of Vertical Pressures in Plastic Foundations’, Bulletin, Univ. of Mlinois, Vol. 
XXXIII, No. 4, 1935. 

& “Research on the Shearing Resistance of Soils’, by A. Casagrande and S,. G. Albert, 
Mass. Inst. Tech., 1932; see, also, “The Shearing Resistance of Soils’, by. L. Jiirgenson, 
Journal, Boston Soc. of Civ. Engrs., July, 1934; “New Facts in Soil Mechanics from the 
Research Laboratories”, by A. Casagrande, Hngineering News-Record, September 5, 1935; 
and “Characteristics of Cohesionless Soils Affecting the Stability of Slopes and Harth 
Fills’, by A. Casagrande, Journal, Boston Soe. of Civ. Engrs., January, 1936. 
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possible with equal, or even with less, work to apply directly the formulas for 
strain which Boussinesq and others have derived. This procedure will be 
illustrated by the following example which the writer has used for instruction 
purposes since 1932. 

A circular area with the diameter, D, resting on the surface of a semi- 
infinite body with a constant modulus of elasticity, is loaded with p per unit 
of area.. The theory of elasticity gives for the total displacement, A, of the 
center of the area (settlement) the following formula: 


2 — 
GER ge Liar oS SB RE PA NES 
E m 
in which m represents Poisson’s number. , 
For the extreme cases of a perfectly incompressible material, with m = 2, 
and a perfectly compressible material, with m = © , the displacements are as 
follows: 


For m = 2, 
ye De pe fie Westin G'): 
4 
and form =o, 
ING xh Lali ee Hee Beige k he (40) 
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The settlement in the center, therefore, corresponds to the decrease in 
length of a cylinder of the same material, loaded with the same unit load, 
and of a height equal to 0.75; or, 1.00 times the diameter of the area. 

Although in most materials, deformation and volume change cannot be 
separated, their relation being expressed by Poisson’s number, such a separa- 
tion is possible for clays. If stresses are introduced into a mass of plastic 
soil it will first deform without volume change, and, subsequently, a gradual 
volume decrease will take place at a rate which is dependent on the dimensions, 
drainage, and consolidation characteristics of the mass of soil. 

The settlement due to immediate deformation, without volume change, 
can be found by utilizing the stress-strain diagram from an unconfined com- 
pression test on a undisturbed sample of the clay. A typical result of such a 
test is shown in Fig. 21(a). In the majority of cases the stress-strain curve 
for the range of the stresses which are introduced into the soil by the load, 
can be very well replaced by a straight line. The slope of this line is desig- 
nated as the modulus of deformation, M. In its effect this modulus corre- 
sponds to the modulus of elasticity used in the theory of elasticity. With the 
assumption of a straight-line relationship with the same slope in the entire 
mass of soil one fulfills all requirements to permit the application of the theory 
of elasticity. Since for the deformation without volume change, m = 2, one 
arrives at the settlement in the center of the circular area, due to deformation 
only, by replacing, in Equation (39), the modulus of elasticity, FE, by the 
modulus of deformation, M. 

The subsequent settlement, due to gradual volume decrease, can be deter- 
mined with the help of the pressure-void ratio relationship shown in Fig. 21(b), © 


et 
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which is obtained from a consolidation test (confined compression test) on an 
undisturbed sample. Since a homogeneous mass of soil is assumed, the entire 
mass is preconsolidated under the same load, po. The loading raises this 
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Fig. 21. 


intrinsic stress in the soil in varying amounts, to a maximum of (po + p). 
For this range of stresses the change in volume may be represented with 
sufficient degree of accuracy by a straight line with the slope equal to the 


coefficient of compressibility’, a = & — | From this value the correspond- 
Pp 
ing ratio of stress over strain is derived, thus: 
1 
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which is defined as the modulus of volume change. This modulus corresponds 
to the modulus of elasticity of a material following Hooke’s law, and with 
m = ©. The only assumption made in this analysis is the same as that 
made previously, namely, that the rate of volume change is independent of 
deformations. 

Thus, the consolidation of the mass of clay has been reduced to the behavior 
of a material following Hooke’s law, and with m = o. Therefore, the settle- 
ment of the circular area, due to consolidation only can be found by replacing 
in Equation (40) the modulus of elasticity, H, by the modulus of volume 
change, A. Hence, the total settlement of the center of this area will be: 


Bu 2 
WSS (ADEM) AA) Dine 7 al bac fo eae (42) 
(2242) 


Tn a similar manner one can derive formulas for the settlement of other points 


on the surface, and for other areas. 
In closing, the writer wishes to note that, in his experience, settlement 
due to consolidation in genuine clays can be analyzed and predicted, on the 


62 ““Hrdbaumechanik’”’, von Charles Terzaghi, M. Am. Soc. C. B., Vienna, 1925. 
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basis of tests on undisturbed samples, with a satisfactory degree of accuracy. 
However, for slightly plastic silt clays, non-plastic silts, and certain organic 
silts, no amount of care can prevent sufficient disturbance to the samples to 
cause an appreciable increase in compressibility. For such materials, 
predicted settlements have frequently been too large. 

The immediate settlement due to deformation of clay under large loaded 
areas was found by the writer to be always less than the values computed on 


Mall 


the basis of unconfined compression tests on undisturbed samples, Some- 


times, this discrepancy has been very large. The cause of this behavior is, at 
present, unexplained. 


A. E. Cummines,” Assoc. M. Am. Soo. C. E. (by letter).“*—The discussion 
has served to bring out at least three important phases of the problem of the 
distribution of stresses through soils. These appear to be: (1) Questions of 
isotropy and Hooke’s law; (2) the distribution of pressure on the contact 
surface; and (3) the effect of depth on the stress distribution. The writer 
proposes to devote this closing discussion to a consideration of these three 
- topics. 

Before considering the various topics mentioned during the discussion, 


however, the writer wishes to demonstrate the derivation of the stress equa- — 


tions for another type of surface-load distribution as shown in Fig. 22. To 
distinguish it from the parabolic distribution of Fig. 3(b), this will be referred 
to as an inverse parabolic distribution, varying according to the equation: 
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so that the volume generated by rotating the shaded area around the vertical 
axis is equal to the volume of the circular disk of Fig. 3(a). 

Case VII.—Inverse Parabolic Distribution (n = 3).—Substituting Equa- 
tion (48) and Equation (5) into Equation (3), with n = 3 and z = d, gives: 


r=re 0=27 
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r=0 0=0 
With the method used by Professor Krynine in the derivation of Equa- 
tion (25), the integration and simplification of Equation (44) leads to: 


4a3 2 a8 | 
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Case VIII.—Inverse Parabolic Distribution (n = 6).—In a manner gimi- 


lar. to Case VII, the substitution of Equation (43) and Equation (5) into 
Equation (3), with n = 6 and z = d, can be shown to give: 


a+ 3a! . 
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* Dist. Mgr., Raymond Concrete Pile Co., Chicago, Il. 
sa Received by the Secretary April 18, 1936. ; 
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It is easily seen by substitution of a = 0 into Equations (45) and (46) that 

- the vertical normal stress on the vertical center line at the ground surface is 

zero. This is in accordance with the load condition of Fig. 22. The manner 

in which this stress varies with the depth is of considerable interest and the 
graphs of Equations (45) and (46) are shown in Fig. 23. 
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Fig. 22.—InveRSE PARABOLIC DISTRIBUTION. Fig. 23. 


Isotropy and Hooke’s Law.—This subject is mentioned by Messrs. Williams, 
Krynine, Biot, Feld, Paaswell, Housel, and Casagrande. As is well known, 
Hooke’s law is a very simple statement that “stress is proportional to strain.” 
Isotropy is not quite so easily defined. Professor Krynine uses the terms, 
“monotonous” and “statistical”, to describe different degrees of isotropy. His 
conception of a “eontinuum” and the number of particles in a given volume 
connotes the idea that in some way isotropy is related to density. Mr. Feld 
describes -an isotropic body as one “having the same physical properties in 
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all directions.” The writer prefers Mr. Feld’s statement, and believes that the 
chances of misunderstanding will be lessened materially by a strict adherence 
to the definition of isotropy commonly used in the mathematical theory of 
elasticity. Max Planck” states that, 

“The necessary and sufficient condition for a body to be elastically iso- 
tropic—that is, that it should have no favored directions at all—is that its 
elastic constants should all be invariant with respect to any change of the 
coordinate system, or, what amounts to the same thing, that it can be made 
to coincide with itself by means of any arbitrary rotation. * * * Hence, it 
follows that the elastic potential of an isotropic body has only two constants 
which are independent. of each other * * *.” 

It is the writer’s belief that this definition precludes the idea of different 
“degrees of isotropy.” A body is either isotropic, or it is not, and if it is not 
isotropic it is anisotropic or aeolotropic. 

With the exception of Mr. Paaswell, all who contributed to the discussion 
appear to be agreed that soils do not always follow Hooke’s law and that 
they are not isotropic in the sense in which this word is defined in the mathe- 
matical theory of elasticity. Mr. Paaswell states that the use of the 
Boussinesq equations “in foundation design involves the same degree of 
accuracy as the use of the ordinary Bernoulli formulas for flexure.” These 
flexure formulas, of course, are based on the assumption that the displace- 
ments are infinitesimal and that the material in question follows Hooke’s law. 
However, in the closing sentence of his discussion, Mr. Paaswell mentions the 
horizontal normal stresses as well as the vertical normal stress which is repre- 
sented by Equation 2(c). The equations for these horizontal normal stresses 
include the elastic constants of the material and the sum of the three normal 
stresses is one of the well-known invariants of the mathematical theory of 
elasticity. In other words, in an elastic isotropic solid obeying Hooke’s law 
and subjected to infinitesimal displacements which are within the elastic 
limits of the material, the stress system at a point within the solid includes 
three normal stresses and two of these stresses contain elastic constants. 

For ordinary soils, Mr. Paaswell states that the terms containing these 
elastic constants will vanish. However, the writer is unable to understand 
how this problem can be expected to work both ways. According to Boussi- 
nesq, two of the three normal stress equations contain elastic constants. With 
the terms containing the elastic constants eliminated from the stress equa- 
tions, it is evident that they are no longer those given by Boussinesq. It 
appears, therefore, that Mr. Paaswell agrees with the writer’s Conclusion (2), 


4 


namely, that the equations of the theory of elasticity must be modified — 


before they can be applied to soils. 

If it is taken for granted that soils do not obey Hooke’s law and that 
they are not elastically isotropic, there arises the question as to what is to 
be done about calculating stress distributions in soils. In the writer’s opinion 
there are several possible methods of approach: (1) By assuming that soils 
are anisotropic; (2) by modifying the equations for elastic isotropic solids ; 
and (3) by eliminating the theory of elasticity in favor of a “rational method”. 

“Introduction to Theoretical Physics”, Vol. II, p. 66. 
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(1) The problem can be attacked on the assumption that soils are aniso- 
- tropic and that it is necessary to use additional elastic constants to represent 
the variations of the elastic properties of the soil in different directions. 
This method has been demonstrated by Professor K. Wolf.” It is also the 
method used in the study of the elastic behavior of crystals.” 
(2) The equations for elastic isotropic solids may be modified with 
parameters in the manner demonstrated by Griffith? and Froehlich.” The 
numerical values of the parameters are to be determined by comparison with 
experiments. This is the method used by the writer. 

(3) The theory of elasticity may be eliminated entirely and the problem 
attacked on what may be termed a rational basis. This method is represented 
by the procedure outlined by Professor Housel who attributes considerable 
importance to surface phenomena, particularly the edge effect at the peri- 
meter of a footing. Professor Housel’s method is similar to that developed 
by Froehlich” and referred to by him as “die kritische Randbelastung.” In 

this method the coefficient of internal friction, ¢, plays an important part. 


The interesting fact about these several methods of attacking the problem 
of stress distributions in soils is that, to some extent, they appear to be 
related in various ways. By his Equation (21), Professor Krynine shows 
a relationship between the Griffith-Froehlich n and Terzaghi’s coefficient of 
pressure at rest, K. The coefficient K, in turn, is related to the coefficient 
of internal friction ¢. Mr. Newmark has developed a function, ¥, which he 
expresses in terms of n by Equation (28). With the aid of the Rankine 
stress circle, Froehlich® has shown a relationship between the concentration 
factor, n, and the coefficient of internal friction, ¢. The same writer ™ has 
demonstrated mathematically that the concentration factor, n, is more or less 
than 3, depending on whether the elastic modulus of the soil increases or 
decreases with the depth. By means of Fig. 16, Professor Housel compares 
his solution with that of Michell which is based on the elastic theory. 

This problem presents an interesting field for further study particularly 
by means of large-scale experiments on actual structures. Information avail- 
able on the subject at present is insufficient to enable one to state that any 
particular method of calculating stress distributions is to be preferred to all 
others. 

Distribution of Pressure on the Contact Surface—This problem has been 
discussed by Messrs. Williams, Krynine, Wilcoxen, Findley, Feld, Salter, 
Housel, and Eremin. There is no question but that it is an important factor 
in the behavior of foundations. The subject is not fully understood, and yet, 
of all the unsolved problems of foundation engineering, it is probably the 
least difficult to investigate experimentally on a large scale. It is neither 
difficult nor expensive to bury pressure cells under full-sized structures in 


6 “Aygsbreitung der Kraft in der Halbebene und im Halbraum bei Anisotropen 
Material’, Zeitschrift fiir ange, Math. u. Mech., 1935, Vol. 15, No. 4, p. 249. 
66 ‘‘\fathematical Theory of Elasticity”, by A. B. H. Love, Fourth Edition, p. 159. 
9“Pressures Under Substructures”, Engineering and Contracting, March, 1929, 
. 113-119. 
Me, 10 “Drukverdeeling in Bouwgrond”, De Ingenieur, April 15, 1982, p. B-52. 
& “PDruckverteilung im Baugrunde”, p. 83. 
6 “Drukverdeeling in Bouwgrond’, De Ingenieur, April 15, 1932, p. B-60. 
6 “Druckverteilung im Baugrunde”, p. 90. 
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order to determine actual pressures in the plane of contact between 
foundation and soil. Pressure readings continued over a period of time 
would show the nature of any changes that might occur in these surface- 
pressure distributions. 

In his discussion of the problem, Mr. Wilcoxen presents Fig. 9(b), 
showing a surface distribution which is a maximum at the edges and zero 
in the center of the plate. Within the solid he shows a stress distribution in 
which the vertical, stress on the vertical center line reaches a maximum 
of 300% of the average surface load. This maximum is shown at a depth of 
about one-half the diameter of the -plate. Mr. Wilcoxen implies that an 
error has been made in the interpretation of this experiment, and that 
Fig. 9(b) represents the true explanation. 

The distribution of surface pressure in Fig. 9(b) is the same as that of 
Fig. 22. The vertical normal stress on the vertical center line, for the load 
condition of Fig. 22, is shown in Fig. 23. It is easily seen from Fig. 23 that 
at no point on the vertical center line is this stress anywhere near 300% 
of the average surface load either in the elastic isotropic solid (n = 3) or 
in sand (n = 6). The distribution of surface pressure and the stress distribu- 
tion within the solid, as shown in Fig. 9(b), are not compatible. The experi- 
ment performed by Mr. Wilcoxen is difficult to interpret, but it appears to 
have been an impact experiment rather than one of static pressure. The 
thickness of the steel test plate is not given so that it is impossible to state 
whether or not the plate would act as a rigid body under the blows of the 
fence-post. 

However, some very careful experiments have been performed by Kogler 
and Scheidig” for the purpose of determining the distribution of pressure in 
the contact plane between a rigid body and a bed of sand. For the rigid 
body, they used a heavy circular block of concrete, 63 em (24.8 in.) in 
diameter. Pressure cells were embedded in the lower face of the block so 
that the variation of pressure over the contact plane could be determined. 
At the same time, pressure cells were placed in the sand bed at a depth of 
40 cm (15.7 in.) The block was loaded and simultaneous readings were made 
of the pressure distribution at the surface and of the stress distribution in 
the sand. The results obtained in these experiments agreed with Mr. Wil- 
eoxen’s Fig. 9(a). In the contact plane the pressure was a maximum at 
the center. Mr. Wilcoxen states that “foundation flexibility is the key to the 
resulting type of surface stress distribution.” In the writer’s opinion this 


4 
; 


is only half the problem. The other half depends on the elastic properties - 


of the material on which the foundation is built. 

A factor in this problem that is sometimes overlooked is the horizontal 
friction force that may be developed in the plane of contact. The point load, 
P, in Fig. 1, is normal to the surface of the solid. When Equation (3) is 
integrated over a finite area there is an implied assumption that the pressure 
under the finite area is normal to the surface of the solid and that no 
horizontal forces are acting in the contact plane. In the case of an actual 
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footing, it is almost certain that, under some conditions, appreciable hori- 
zontal forces are generated in the contact plane. These forces affect the stress 
distribution within the solid. Almost no information is available as to the 
nature and magnitude of these horizontal forces under a foundation or even 
under a test plate. However, Boussinesq™ has discussed several theoretical 
solutions involving horizontal forces applied at the surface of the solid in 
yarious ways. 

Messrs. Findley and Salter have discussed this question from the point 
of view of the practical designing engineer. Serious complications are 
involved, of course, in dealing with the general problem of a given foundation 
on a given soil. There is also the question of how far a practical designer 
should go in his efforts to determine the probable distribution of pressure on 
the contact plane. At present, the practical designer is not able to go very 
far in this direction due to the lack of field data as to the actual pressure 
distributions that exist under full-sized structures. Without these data with 
which to check the theoretical analysis, the problem is still more or less in the 
field of speculation as far as actual foundations and actual soils are concerned. 

In this connection it is to be noted that Boussinesq’s methods do not lead 
to a solution of this general problem. The surface load distributions shown 
in Figs. 3(a), 3(b), 19, and 22, are not to be confused with actual plates or 
footings. They are simply normal loads distributed over a part of the 
surface of the solid. If these surface distributions are known, Boussinesq’s 
methods of applying potential functions can be used to determine the dis- 
tribution of stresses within the solid. Tf, instead of these surface pressures, ~ 
the displacements at the surface are given, Boussinesq’s analysis can also 


-be applied, and the stress distribution within the solid can be found from 


the surface displacements. ~ 

However, in the general problem, neither the pressure distribution nor 
the surface displacements is given. A footing with certain elastic properties 
is to be placed on a soil with other elastic properties. The footing is to be 
loaded by means of a concentrated column load, or otherwise. The available 
methods for attacking this problem and the solution of a practical problem 
of this type, were outlined in 1935 by Froehlich.” The solutions for a 
number of cases involving circular plates carrying various types of loads 
have been published by Dr. Ing. Ferdinand Schleicher.“ The equations for 
stresses and displacements include the elastic properties of the plate as well 
as the elastic modulus of the foundation material. 

The Effect of Depth on Stress Distribution —This subject was mentioned 
several times during the discussion. Professor Krynine states that, “prob- 
ably at a certain depth within the earth all matter obeys the Boussinesq 
law * * *” Mr. Newmark calls attention to the fact that “* * * the 
experimental data are limited to measurements at depths of less than 5 
f; * * *?, and that, “* * * at great depths, sand should act more 
nearly in the manner of an elastic and homogeneous material * *. *%. 


1 “Application des Potentiels”, p. 72. 

72 “Die Bemessung von Flachgriindungen aus Eisenbeton und die neuere Baugrund- 
forschung’’, Beton und Hisen, 1935, Heft 12, ; 

73 “Kyeisplatten auf elastischer Unterlage”’, Berlin, 1926. 
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It is true, of course, that the physical properties of soils depend to some 
extent on the pressures under which they exist. In sand, it is generally 
agreed that the elastic modulus increases directly with the depth. For a 
homogeneous sand bed of great depth, the elastic properties at a depth of 50 
ft would certainly differ from those at a depth of 5 ft. It is a question, 
therefore, as to how far the experiments may be extrapolated for application 
to full-sized structures. As has been shown, the experiments indicated a 
value of about 6 for the concentration factor, n. Whether or not a stress 
concentration factor as high as 6 would apply to a full-sized structure on a 
deep bed of sand is largely a matter of speculation. It seems probable that, 
in a bed of compact sand of indefinite depth, the average stress concentra- 
tion factor might not reach a value of 6, although it would be more than 3. 

In discussing this question of depth, Mr. Paaswell mentions Boussinesq’s 
theory of “local perturbations” and states that, “the manner of loading a 
foundation and the soil pressures near its loading can generally be ignored 
in the determination of the stress distribution in the deep strata * * *”, 
This is correct if the strata under consideration are deep enough. However, 
when an analogy is drawn between the foundation problem and the girder 
problem, as is done by Mr. Paaswell, there is one important factor in the 
foundation problem that must not be overlooked. 

“Depth” in the foundation problem is a relative term and the vertical 
co-ordinates of Figs. 4 and 23 are not absolute depths; they are ratios of 
depth to radius of loaded area. The concentrated load in the girder problem 
is not exactly analogous to the distributed loads in the foundation problem. 
In general, the stress distribution calculations are made for structures that 
cover ground areas on the order of 100 or 200 ft.in diameter. Even if the 
structure were supported by isolated footings, it is the entire loaded area 
that would have to be considered. At the same time, the depth from ground 
level to rock or hardpan, over the greater part of the surface of the earth, is 
also on the order of 100 or 200 ft. There are well-known exceptions, of 
course, such as the City of Mexico and the mouths of the Mississippi and the 
Yangtse Rivers. However, the most common condition is one in which 
the depth of soil and the diameter of the loaded area are of the same order 
of magnitude. In other words, in a practical foundation problem, it is the 
region represented by the upper parts of Figs. 4 and 23 that is of particular 
interest. In this region the distribution of surface pressure is especially 
important and, regardless of the probable value of the concentration factor, 
there are large variations in the magnitude of the soil stresses due entirely 
to the manner in which the ground surface is loaded. The foundation 
problem, therefore, appears to be largely a question of surface phenomena 
and local perturbations rather than one of stress distributions in a semi-infinite 
solid at depths so great that the surface load conditions can be ignored. 

This problem of stress distributions is also influenced by other important 
factors, such as those mentioned by Professor Casagrande. Rigid underlying 
strata; planes of discontinuity due to stratification in the soil mass; soft 
clay beds under beds of dense sand—all affect the stress distributions. These 
problems have been attacked theoretically and for some of them a theoretical 
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_ solution is available. Proof of the accuracy of the theoretical analysis must 
await the collection of data in the field. It is interesting to note that in the 
case of a rigid underlying stratum, Dr. Biot’s equations (Fig. 20) indicate 
stress concentrations in excess of those given by the Boussinesq equation. 
In most of the experiments shown in Table 1 and Fig. 4, the pressure cells 
were placed on the more or less rigid concrete floor of the laboratory. The 
experiments produced stress concentrations similar to those required by Dr. 

Biot’s analysis. 

Summary and Conclusions ——The number and variety of the discussions on 
this paper are indicative of the great interest that has developed in founda- 
tion problems and soil mechanics in recent years. Nevertheless, there can 
be no question as to the truth of Professor Williams’ remark concerning the 
“rather amorphous state of foundation literature” at the present time. How- 
ever, Professor Williams sees no reason for discouragement in this situation; 
nor can the writer. It is believed that a parallel can be drawn between the 
development of soil mechanics and the development of the theory of elasticity 
_ which is the basis of modern structural analysis. 

Galileo, in 1638, was the first mathematician to endeavor to determine 
the nature of the resistance of a beam to rupture. During the next 200 yr the 
development of the elastic theory was in the hands of such men as Galileo, 
Hooke, Mariotte, Young, Euler, Daniel Bernoulli, James Bernoulli, La Grange, 
Coulomb, and others. These are all well-known names and yet, in the 
“Historical Introduction” to his “Mathematical Theory of Elasticity,” Love 
writes, as follows: ' 

“At the end of the year 1820 the fruit of all the ingenuity expended on 
elastic problems might be summed up as * * * an inadequate theory of 
flexure, an erroneous theory of torsion, an unproved theory of the vibrations 
of bars and plates, and the definition of Young’s modulus.” 

However, Love goes on to state that “* * * such an estimate would 
give a very wrong impression of the value of the older researches”. The year 
1821 marks the discovery by Navier of the general differential equations of 
elastic equilibrium. Since then another hundred years have elapsed during 
which elastic theory and structural analysis have made great progress in 
many directions. 

In comparison with this record, soil mechanics and foundation engineering 
are very young sciences. Rankine’s work is about eighty years old and his 
theories are now termed “classical”. Boussinesq’s great works on pulverulent 
masses and on the theory of stress distributions are only fifty years old. 
Terzaghi published his theory of the consolidation of clay about fifteen years 
ago. In the past ten years much progress has been made, although many 
important problems remain unsolved. The most serious obstacle in the way 
of further progress at the present time is the lack of accurate information as 
to the behavior of existing structures. 

In conclusion, the writer wishes to express his sincere thanks to those 
who contributed to the discussion. He feels that the value of his paper was 
materially increased by reason of the discussion, and he believes that the 
discussion has demonstrated the validity of his original conclusions. 
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ADAPTATION OF VENTURI FLUMES TO FLOW 
MEASUREMENTS IN CONDUITS 


Discussion 


By HAROLD K. PALMER, M. Am. Soc. C. E., AND 
FRED D. BowLus, Assoc. M. AM. Soc. C. E. 


Harotp K. Pater,” M. Am. Soc. C. E. anp Frep D. Bowtus,” Assoc. M. 
Am. Soc. OG. E. (by letter).“W—From the many constructive discussions 
received, the writers are encouraged to hope that, more and more, water 
will be measured by Venturi flumes developing critical depths. Especially will 
this be true when more accurate verification can be obtained, in hydraulic 
laboratories, of some of the principles involved, and more simplified calcula- 
tions of flow can be made, as suggested by some of the discussers. 

Mr. Hopkins has developed excellent formulas for calculating co-ordinates 
on the quantity-energy head curves. Since these curves form the basis of 
all Venturi flume rating curves, the writers suggest that all notations referring 
to the frictional loss, varying with the shape of the throat, and to velocity 
head, varying with the velocity, be omitted from the terms of the formulas 
offered by Mr. Hopkins. This would mean substituting « for Z in his 
formulas. In order that these may be readily available, the formulas for 
the more common throat sections are summarized as follows: For a flume of 
rectangular cross-section, Equation (26) becomes: 


Q-=)B.09" b> Bias ete a 
for a flume of V-shaped cross-section, Equation (28) becomes: 
A eae SP a PEP S|) | 
and, for a flume of trapezoidal cross-section, Equation (31) becomes: 
Q = :3.06).(b 4-20.12 9 8) F otawt s,s ons oe eee 


Notr.—The paper by Harold K. Palmer, M. Am. Soc. C. B., and Fred D. Bowlus 
Assoc. M. Am. Soc. C. E., was published in September, 1935, Proceedings. Discussion on 
this paper has appeared in Proceedings, as follows: November, 1935, by Messrs. N. F. 
Hopkins, and Hunter Rouse; February, 1936, by Messrs. F. V. A. E. Engel, and J. C 
Stevens; and April, 1936, by Prof. Ing. Filippo Arredi. i Pet 

* Chf. Draftsman, Los Angeles County Sanitation Dists., Los Angeles, Calif. 

*° Res. Engr., Los Angeles County Sanitation Dist. No. 2, Whittier, Calif. 

2a Received by the Secretary April 22, 1936. : 
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Professor Arredi has suggested a most welcome graphical method of deter- 
mining the proper size for a Venturi flume throat in any given installation 
and for drawing the rating curve, thus obviating the more laborious method 
advanced by the writers. 

Mr. Stevens describes a slab, curved in longitudinal section (which he has 
already used in circular conduits), based on somewhat the same principle 
as that of the writers. This would probably add some refinement by reducing 
frictional losses which, however, might be smaller than the recording device 
could register. ‘The writers believe that the insertion of a level section in 
the bottom slab will be positive assurance that critical depth is obtained with 
parallel flow, as proved by their early experiments. They do not agree 
with Mr. Stevens as to the preference of the simple flat slab over the 
trapezoidal form of throat. The Los Angeles County Sanitation Districts 
had a 6-in. slab with a 3-ft level section (6 ft including transitions), installed 
in a 54-in. sewer, but found it necessary to change to a trapezoidal flume for 
greater accuracy. One difficulty with a slab is that a thickness required to 
_ give good results during peak flows may cause deposits of silt or sludge at low 
flows. For very small flows in a sewer, a flume with side contractions and no 


~ bottom slab would be better. 


The writers also disagree with Mr. Stevens’ statement that whenever the 
depth of tail-water below the throat of a Venturi flume is more than 65% 
of that above the throat, correct calculations of the flow can be obtained only 
by recording depths at the two points. The writers have recently been able 
to investigate this point by installing a flume in an irrigation ditch of the 
Arroyo Ditch and Water Company (see Fig. 24), and believe that within 
the range of accuracy of a recorder the flow can be calculated from a single 
head-water depth above the flume when the tail-water depth is approximately 
90% of the head-water depth. Dr. Engel has found this percentage to be as 
high as 92. A simple analysis of losses and depths of flow through a rectan- 
gular Venturi flume installed in a conduit with a grade so flat as to cause 
a low velocity, tends to substantiate the correctness of the latter figure (92%). 
In this case the depth of water in the throat at the point of critical velocity is 
practically two-thirds the head-water depth, or the velocity head equal to 
one-third the head-water depth (neglecting the small velocity head above the 
throat). As the water passes from the restricted throat section into the nor- 
mal cross-section of the conduit below the flume, a condition obtains 
similar to that in a pipe enlargement, in which case it is the usual practice 
to consider that the loss is 25% of the difference in velocity heads. Neglect- 
ing the slight velocity head of the tail-water, only 25% of the velocity 
head in the throat would be lost, or one-twelfth the total energy head. This 
amounts to 8% and thus would leave the tail-water depth at about 92% of the 
head-water depth. 

The writers have observed also that if the jump, or undulations, occur 
in the transition section below the throat, there is no effect on the water 
depth above the meter, but when the undulations occur in the throat and are 
backed up to a point near the section of critical depth, the head-water depth 
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may be affected. It is best, therefore, to design the throat so that the jump 
will occur in the lower transition, or with the tail-water depth less than 90% 
of the head-water depth. 


Fie. 24.—VENTURI FLUME IN WHICH JumMP Fie. 25. 


DIFFERENTIAL HEAD MeETER SET 


Occurs BELOW THROAT WITH No APPAR- TO REGISTER LOSS OF HEAD AT ENTRANCE 
ENT BACK-WATER EFFECT. VELOCITY To FLuuMnr. In THIs Caste LOSS WAS 
Apove THROAT IS ABouT 2.5 FEET PER 0.01 Foor ror 10 CuBic Fret PER SECOND. 


SECOND, RESULTING IN SURFACE WAVES. 


The writers are indebted to Mr. Stevens for the details of his float mechan- 
ism which should give accurate readings without being affected by floating 
débris. 

Dr. Engel claims, in his English experiments, an accuracy for Venturi 
flumes of 99.5%, but unfortunately in the two cases for which he published 
the data, the water did not flow at critical depths in the throat and, there- 
fore, the results are not applicable to the present case. The accuracy attained 


seems to vary inversely as some power of the velocity above the throat. Dr. 


Engel questions the accuracy of the Parshall meter, but in the United States 
it is generally accepted as a standard method of measuring water, and the 
device has been legalized by the Division of Water Rights of the California 
Department of Public Works. The writers have apparently been misunder- 
stood in the test comparison with the Parshall meter. A’ the wooden Venturi 
flume was installed in an irregular channel the comparative results with the 
Parshall meter were only submitted to show the general adaptability of 
the flume throughout a considerable range in flow, in a sewer where it would 
have been impossible to have installed a weir.’ Dr. Engel states that the 
important point regarding losses due to the installation of a Venturi flume 
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in a conduit has been entirely neglected by the writers. In the writers’ method 
of computing a rating curve, the loss of energy up stream from the throat 
affects the rating curve, whereas the loss down stream has no effect as long as 
it does not cause a backing up of the water. In the formula for the Venturi 
| flume as given by Dr. Engel, the loss of head up stream is taken care of in the 
constant, C’;, but it is probably a function of the length of the throat and flow, 
being negligible for smaller throats and also for small flows. 

Mr. Rouse has ably discussed several of the theoretical limitations to the 
proposed method of using these flumes, which apply in cases where circum- 
stances permit more than the ordinary accuracy of measuring the depth of 
water, or in very large installations. The writers had some of these limita- 
tions in mind when they suggested measuring the loss of energy at the 
entrance to the throat. He rightly questions its suitability as a control meter 
in hydraulic laboratory experiments as it would be necessary to calibrate each 
installation of that kind. Under such cases the weir would serve just as 
well and would be much easier to install, but in the field where allowable grade 
loss and funds for an elaborate metering station are limited, and especially 
where the need for measuring the flow arises after the completion of a conduit, 
the Venturi flume appears superior. 

His most serious objection is that the exact location of the critical depth 
section is unknown, and varies with the flow; this is true, but it is the mini- 
mum energy rather than the critical depth that the writers use; and small 
variation from critical depth, or some curvature of surface, may occur without 
an appreciable effect on the energy-head depth. There is a difference in the 
height of the energy head at the control section in the throat and the point 
of measurement, depending on the hydraulic conditions in this section of the 
conduit; but it is small and can be measured easily and allowed for within 
the degree of accuracy of the recording device (see Fig. 25). Although, theo- 
retically, it is a drawback, practically the error is less than the sensitivity 
of the recording devices now available. 

The following case illustrates some of the difficulties met in field installa- 
tions. In a 24-in. trapezoidal flume set in a 54-in. sewer having a grade of 
0.15%, a flow averaging 21.5 cu ft per sec produced a record with a blurred 
line nearly 0.25 in. in width, due to small surface waves superimposed on 
longer waves with a period of a minute or more. The flow varied from 20.6 
to 22.4 eu ft per sec and the mean could be obtained only by estimating the 
middle of the trace. 

Mr. Rouse takes exception to the writers’ attempt at measuring flow over 
a great range by the method proposed. This difficulty is one which must be 
met in sewage-flow measurements where the daily maximum may be three 
times the minimum, and during a storm a much greater range is to be 
expected. If the sewerage system is growing, the daily maximum ten years 
hence may easily be ten times the minimum of to-day. In storm drains the 
flow is even more erratic. This precludes the use of the hook-gauge for 
measuring depths and substitutes the stage recorder; therefore, in considering 
the degree of accuracy to be attained, it must be borne in mind that refine- 
ments too small to be shown on the record need not be considered. 
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Mr. Rouse feels that this investigation should have been performed in a 
laboratory, with which the writers fully agree, but no laboratory was avail- 
able, and there was great need of finding some method of installing meters in 
constructed sewers where weirs had been found inadequate. After the investi- 
gation had developed a practical meter, it was discussed with other engineers 
in the Southwest who showed great interest in it and urged that discussions 
and results be published at once. The writers are confident that flumes care- 
fully constructed in accordance with their recommendations will give accurate 
results. 

However, it is hoped that laboratory work will be undertaken to investigate 
some of the following uncertain points: (a) Proper length of throat; 
(b) formula for energy loss in head-water ; (c) maximum ratio of tail-water 
depth to head-water depth; (d) proper angle of transition to axis of conduit; 
and, (e) accuracy of measurement as a function of velocity of approach. 
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Discussion 
By JOHN H. A. BRAHTZ, Esq. 


Joun H. A. Brantz,” Esq. (by letter).“*—In closing this paper, the writer 
wishes to express his appreciation for the many interesting discussions that 
have appeared. All have been of a high caliber, and illustrate the fact 
that engineers are getting away from antiquated rules of thumb. With a 
fuller realization of the importance of two-dimensional stress problems, they 
are attacking such problems with open minds, more and more leaning toward 
the theory of elasticity and its co-partner, photo-elasticity. This inquisitive 
and open-minded attitude is decidedly encouraging. Only thus can the 
profession advance. 

In reviewing the discussions, those pertaining to theory will be considered 
first. 

Mr. Silverman refers to, and very clearly demonstrates, the usual method 
for obtaining solutions to the differential equation (Equations (3)) as a 
product of two functions, each of which is a function only of one of the 
independent variables (x, y) or (r, 4), respectively. As stated in discussing 
Equation (44) of the paper, this method was purposely not employed, in order 
to demonstrate the use of the general expression, Equation (4). In separating 
Equation (4) into its real and imaginary parts, both of which will be solu- 
tions to Equations (3), either Cartesian or polar co-ordinates may be used 
simply by placing the complex variable, z, equal tox + iy, or r (cos @ + 7% sin 6), 
respectively. In fact, the stress components and displacements are often 
obtained most easily by carrying out the differentiations of the stress function 
in complex form before taking real or imaginary parts. In this connection, 


Norn.—The paper by John H. A. Brahtz, Esq., was published in September, . 1935, 
Proceedings. Discussion on this paper has appeared in Proceedings, as follows: Novem- 
ber, 1935, by I. K. Silverman, Jun. Am. Soc, CG. E.; December, 1935, by Fred L. Plummer, 
Assoc. M. Am. Soc. C. E.; January, 1936, by Messrs. A. G, Solakian and Lars R. Jorgen- 
sen: February, 1936, by Elmer O. Bergman, Assoc. M. Am. Soe. C. H.; and April, 1936, 
by D. P. Krynine, M. Am. Soc. CE. 

41 With the U. 8. Bureau of Reclamation, Denver, Colo. 


41a Received by the Secretary April 23, 1936. 
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the following expressions are useful. Let f = U + 7V be a holomorphic 


complex function and consider the real part only; then: 


Ox FE dz 


oy dz Zz 
pou aie R(o* t) i thot cones (109c) 
or dz 
ahd, 
OU what G #) ¢ wile Cyan ... (109d) 
r 00 dz 


Altogether, the theory of functions of a complex variable has proved 
extremely useful and expedient in two-dimensional stress analysis. 

It is to be noted that the first function of Equation (4) is holomorphic, 
the last three are not, and must be treated as products of holomorphic func- 
tions and 2, y, or 7’, respectively, in carrying out the differentiations. 

It is again emphasized that many methods are available for finding solu- 
tions to Equations (3). The trick is to find the proper combination of 
solutions which satisfies the given boundary conditions. Unfortunately, no 
general method, is available for this purpose. On the other hand, if such a 
solution has been found in some manner, it is fortunate to know that it is 
unique. 

In other words, to find the solution for a given two-dimensional elastic 
problem it is necessary to try this or that combination of known biharmonics 
(those which satisfy Equations (8)). If the solution is finally obtained—often 


2U_ = real part of (<2) =R (25) > Bina 


fle imaginary part of -(4L)= — 1(2£) asta (LOOROm 


after days or weeks of hard labor—the writer generally must resort to a — 


phrase, such as “consider the following function”, and then merely prove 
that it does satisfy all the conditions of the problem without being able to 
explain just how he obtained the function. This often leaves the reader with 
the impression that the writer possesses some mysterious technique, which 
is not at all the case. 


The value of the Airy stress function to the practical engineer begins 


with an intimate knowledge of the few known simple exact mathematical’ 


solutions and the ability to combine them in such a manner as to give a good 
approximate solution of the problem at hand. As a rule, an exact mathemati- 
cal solution to a practical problem is so unwieldy as to be of little or no 
practical use. Indeed, the assumptions that must be made as to the physical 
properties and behavior of the materials involved in practical constructions 
are generally such as to preclude an exact solution of any practical problem. 
It should be understood that at best only a close estimate of the stresses in 


the actual structure can be expected even from the most careful mathematical 
analysis or photo-elastic experimentation. 
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The solutions and formulas presented by the writer hold strictly only 


under the assumptions stated in the “Introduction.” In practice these assump- 


tions are never completely fulfilled. In fact, in some instances, it is impos- 
sible ever to determine the real properties. This is especially true in the case 
of foundations. 

Professor Krynine treats this subject in his excellent discussion and points 
out the various materials for which elastic statistical isotropy may be assumed 


‘and others in which it may not. This should serve as a valuable guide for the 


designer of foundations. 

The writer has dealt only with elastic media, in plain stress or plain strain. 
Professor Krynine has made a valuable contribution in extending the theory 
of foundations to three-dimensional plastic media. The apparent ambiguity 
in the value of Poisson’s ratio, p2, for the foundation treated by Professor 
Krynine ceases to exist when it is again remembered that the formulas only 
hold for elastic media in plain stress or strain. In that case, no assumption is 
made as to the incompressibility of soil particles. 

In computing stresses in a semi-infinite (three-dimensional) solid due 
to its own weight, to a uniformly distributed surface loading, or to a com- 
bination of both loadings, it would be proper to specify the horizontal strains 
equal to zero. This gives rise to the formulas”: 


oo) = ey = Riciseetinstueaves wos wang ots LO) 


in which oy is the vertical stress equal to the total load above the point, 


And kK. = 
1 — be 

The displacement formulas presented by the writer are useful for the analy- 
sis of a long straight gravity dam on an elastic or quasi-elastic foundation, 
even if the elastic modulus of the dam itself differs from that of the founda- 
tion. The method of procedure of this problem was outlined under Case 2 
in the paper. Numerical results have been developed as shown graphically in 
Fig. 20. The curves were obtained in connection with a study of Grand 
Coulee Dam (440 ft high), with an up-stream slope of 0.15, a down-stream 
slope of 0.8, and with concrete weighing 156 lb per cu ft. The curves indi- 
cate qualitatively the tendencies of distribution at the base as the foundation 
stiffens relative to the dam. The analysis did not take into consideration the 
stress concentrations near the heel and the toe. It is of interest to notice 
the general agreement between the curves for rigid foundation (Ce Co))s 
and those obtained by Mr. B. F. J akobsen™. i 

Professor Bergman points out in a lucid manner the physical interpreta- 
tion of the curvatures in the Airy surface. These properties are used in 
the “slab analogy”, an experimental method by which stresses in a two-dimen- 
sional problem can be obtained by measuring curvatures and twists in a 
warped elastic slab. This is possible since the differential equation (Equa- 
tions (3)), of the Airy elastic stress function, V‘ F = 0, has the same form 


#2 Bulletin 117, Iowa Eng. Experiment Station, pp. 389-438. 
| 48 Transactions, Am. Soe. C. E., Vol. 96 (1982), p. 489. 
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as the differential equation for the normal displacements, z. of a warped 
elastic slab, V‘ z = 0, when the curvatures are held to a low magnitude. This 
means that the curvatures must be measured by means of microscopes or cor- 
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Inch; Upstream Face of Dam 


—-— — SS 
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S 
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Note: — Represents Downstream IN 
Shear on Foundation 


Fig. 20.—Strress DISTRinuTION, GRAND plies oe 


respondingly sensitive measuring devices. In the analogy, the curvature of 
the slab at any point is proportional to the normal stress in a perpendicular 
direction in the prototype, and the twist at any point is proportional to the 
corresponding shear. Naturally, the slab must be warped by twists and curva- 
tures at the boundaries that are themselves proportional to the boundary forces 
acting as the prototype. 

Professor Bergman has been closely connected with model experiments 
conducted on dams by the U. S. Bureau of Reclamation, at the University 
of Colorado, under the direction of Ivan E. Houk, M. Am. Soc. C. E. It is 
indeed gratifying to contemplate the testimony of Professor Bergman that 
good general agreement exists between the theoretical results presented by 
the writer and this type of experimentation. That the stress concentrations 


at sharp corners were, to a large extent, relieved by plastic flow was to be | 


expected. In deriving the approximate formulas for fillets the writer did so 
in order to be able to design a fillet with a safe elastic stress distribution 
without recourse to plastic time-flow of which very little is known under 
alternating load conditions. 

In the “Introduction” to the paper the writer stated specifically that the 
intention was not to set up design criteria, and that the question of uplift 
was disregarded, except to assume that sufficient compression must exist to 
counteract the effect of uplift or liquid pore pressure. It is correct, therefore, 
to apply the theoretical results only to dam sections in which this is true, or 


een bles ene > 
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at least where the resulting tension is not sufficient to cause rupture. In con- 
nection with this question, Mr. Jorgensen cites several dam failures and 
shows that, in all cases, the total effective slope (up-stream plus down-stream 
slope) was far less than the slopes called for by the Levy criterion. No doubt, 
the question of internal liquid pressures in concrete is of great importance. 
Theoretical studies are now being made by the writer for the purpose of deter- 
mining the effect of pore pressure on the stresses in hydraulic structures. No 
real headway can be made in application to practical structures until the ques- 
tion of “contact area” between particles has been settled experimentally for 
various concrete mixtures. Experiments to that end have been inaugurated 
at the laboratories of the Bureau of Reclamation. Some work has already 
been done in this field by various experimenters“, but there seems to be a wide 
difference in opinion; in fact, the value given for effective contact area varies 
from 2 to 40 per cent. Until the question is settled beyond a doubt it would 
seem necessary, then, to assume the contact area to be practically zero, which 
means that full uplift must be assumed to exist. Assume, for example, that 
triangular uplift pressure exists at the base, equal to the full reservoir head at 
the heel and zero at the toe (which is reasonable for a nearly impervious dam 
on a pervious foundation), and apply this to the study of Grand Coulee 
Dam as shown in Fig. 6. It will be found that the vertical normal stresses 
(Fig. 6(a)) near the up-stream face and the horizontal normal stresses in 
the same region of the foundation, Fig. 6(b)) both become tension. The final 
section of Grand Coulee Dam has been designed with an up-stream slope 
of 0.15 and a down-stream slope of 0.8. 

Tt will be noticed in Fig. 6(a) that the vertical normal compression stress 
near the heel is considerably less than that computed by the straight-line 
formula (Lévy). This would more than bear out Mr. Jorgensen’s contention, 
and would indicate that, due to the restraint of the foundation, a section even 
heavier than the Levy cross-section is needed in cases of rather rigid founda- 
tions if the experiments confirm the evidence that full uplift must be applied 
to the dam. This contention is still more true if earthquake accelerations 
are to be considered and the situation is further aggravated by shrinkage 
stresses. 

Fig. 20(a) would indicate that the ratio, n, between the elastic moduli in 
the foundation and the dam has an important influence on the stress situation 
at the heel. Further studies along this line should be made so that this 
seemingly important effect can be taken into consideration in the design of 
the minimum section on a given foundation. The approximations made in the 
analysis underlying Fig. 20 were such as to indicate that the curves for 
n = 0.5 deviate slightly too much from the Levy line. 

A theoretical study of the situation around the heel, in which an open 
erack was assumed to exist under full uplift, demanded an effective total 
slope of 0.87 (with 150-lb concrete) for stability. 

Mr. Jorgensen also touches upon the subject of curved gravity dams. The 
problem is three-dimensional, so that the individual case must be dealt with 


“4 Transactions, Am. Soc. C. H., Vol. 99 (1934), p. 1052. 
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separately. The writer has no opinion to offer on the subject. Studies made 
by Mr. Jakobsen seem to justify the impression that the only point in favor 
bf a curvature without arch action is public psychology. 

Parts I and II of the paper were originally presented in two separate 
manuscripts. It was finally deemed advisable to combine them, and with 
the limitation set on a single paper, it became necessary to reduce both. Con- 
sequently, only sufficient description was retained of the photo-elastic material 
to show general methods and give the necessary checks on the theoretical 
results obtained in Part I. Furthermore, the photo-elastic work was conducted 
as early as 1931-1932 and much improved technique has been introduced since 
then. Reference to Fig. 21 will show that large spherical reflectors were used 


iain 


Fic. 21.—Virw or PHoOTO-ELASTIC LABORATORY, CALIFORNIA INSTITUTE OF TECHNOLOGY. 


instead of the much more expensive lenses, and that the polarizing unit is 
offset from the analyzing unit, thus providing a convenient large space for the 
model and operator®. 


The important features of the two discussions dealing with Part II are the 


methods for the determination of stresses due to body forces. It is of interest 
to note that Professor Plummer and Mr. Solakian have developed the centri- 
fugal method independently. Professor Plummer finds that the method gives 
good results, but that it requires elaborate apparatus and very careful adjust- 
ments, and he prefers the direct-loading method described in his very excellent 
discussion and developed in co-operation with the U. S. Corps of Engineers, 
at Zanesville, Ohio. Professor Plummer gives new and valuable information 
in the preparation of gelatine models. If the optical creep in this very 


* Review of Scientific Instruments, February, 1934, pp. 80-83. 
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optically sensitive substance will not prevent a reliable calibration, the writer 
believes it will be of inestimable value in photo-elastic experimentation, 
especially on foundations and related problems. 

The writer has adopted the ingenious method, suggested by Dr. Biot, of 
loading the boundaries with normal force distributions equal to Ky’, in 
‘which K is equal to the weight of the material in the prototype, and y’ is 
the distance from the point of the boundary measured in the direction of the 
body force to a convenient line perpendicular to that force. This loading will 
‘deliver the correct isochromatics and isoclinics due to body forces. 

Let the principal stresses obtained from the foregoing loading be o’; and o's; 
then, the actual stresses at a point due to body force will be. 


ry Gee EY. Rea se | eae i LD 
and, 
eT ol an RK var ase Lies eee. qakteh aes CELLO) 


‘in which y is the ordinate to the point measured in the same system as 2/. 

The correctness of this method can be proved directly by use of the Airy 
stress function. It has been used extensively and very successfully in the 
photo-elastic laboratory of the U. S. Bureau of Reclamation. 

Mr. Solakian objects to the method of superposition of water loads and 
body forces. As a matter of fact, in the case of dams and many other civil 
engineering structures, both sets of stresses are usually required separately, 
either for design purposes or if strains are to be measured in the prototype 
due to water load (live load) only. 

In conclusion, the writer wishes to announce the construction of a new 
photo-elastic interferometer for the Bureau of Reclamation by which the indi- 
vidual principal stresses at a point can be found directly. It will mark a 
new advance in technique which promises considerable time-saving. The 
apparatus was designed by John Soehrens, Jun. Am. Soc. C. E., in the photo- 
elastic laboratory, and was built under his supervision. 
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By MEssrs. DONALD M. BAKER, AND E. COURTLANDT EATON 


Donatp M. Baxer,” M. Am. Soo. OC. E. (by letter).““—The flood and 
erosion control problem in Los Angeles County is complex in the extreme. 
It may be considered from the following aspects: Physical, meteorological, 
hydrological, recreational, cultural, historical, financial, and political. 

Physical.—Settlement occurs principally upon the coastal plain, 1000 sq 
miles in extent, lying between the Pacific Ocean and the base of the San 
Gabriel Range, where the elevation reaches about 1000 ft. The mountains then 
rise abruptly within a short distance to elevations of from 6000 to 10000 ft, 
their slopes covered with a deep soil, easily eroded, which supports a cover 
of heavy brush and timber. This cover constitutes a serious fire hazard, and 
when destroped, heavy flood run-off and débris flows result. Slopes of streams 
draining the south side of the range are steep, and available reservoir sites 
are of small capacity, while the geologic structure of the range affords very 
unsatisfactory foundation conditions. About half way between the San 
Gabriel Range and the ocean, and extending parallel to it, a series of low hills 
traverse the coastal plain, with two openings, through which pass the Los — 
Angeles and San Gabriel Rivers. Three large ground-water basins—the San 
Gabriel Valley, San Fernando Valley, and the coastal plain—supplied by 
percolation of streams draining the mountains, form valuable sources of water 
supply for overlying lands. : 

Meteorological—Mean precipitation, concentrated principally in the period 
from December to March, inclusive, increases from 10 to 12 in. near the 
ocean to 20 to 25 in. at the base of the mountains, and to 35 in, and more at 
their crest, with annual variations of from 40% to 250% of the mean, and 
cyclic fluctuations extending over long periods. 


Note.—The paper by E. Courtlandt Eaton, M. Am. Soe. C. H., was published in 
September, 1935, Proceedings. Discussion on this paper has appeared in Procecdinwa as 
follows: November, 1935, by Messrs. Arthur G. Pickett, and R. W. Davenport ; December, 
1935, by C. S. Jarvis, M. Am. Soc. C. E.; February. 1936, by Messrs. Harry F. Blaney, 
inp aA ola ke, and J. B. Lippincott; and March, 1936, by Messrs. B. I. Kotok and C. J. 


7 Cons. Engr., Los Angeles, Calif. 
*ta Received by the Secretary March 6, 1936. 
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The long dry season extending from the spring until the beginning of 
winter, with low humidity which continues for weeks at a time, creates a con- 
dition in the brush and tree cover which makes it very susceptible to fire. 

Hydrological—Damaging floods of county-wide extent have occurred 


| singly, or in groups, at intervals of about twenty-five years. Unit rates of 


run-off from such floods are high. 
Recreational—Proximity of the mountainous areas to the large popula- 
tion on the coastal plain invites use of the mountains for recreation, which, 


in turn, requires that they be made accessible. This has been done through 


the construction of many trails and, recently, of automobile roads. This 


enhanced accessibility has greatly increased the fire hazard with its threat 


of removing protective brush cover, and many serious fires have occurred, 
which have further added to the flood run-off and erosion. 

Cultural—The population of the coastal plain has increased from 500 000 
in 1916, when the last major flood occurred, to about 2250000 in 1936, or 
350 per cent. Mr. Eaton’s estimate that only 8% of the present population 
has experienced or has a realization of a major flood is evidence of the 
difficulty met in obtaining public interest in the problem. Much settlement 
and development have taken place on areas subject to flood menace without an 
appreciation of the menace either on the part of the developers, settlers, or of 
public officials. The average population density of the area is in excess 
of 2.000 persons per sq mile, and high values of land and improvements exist, 
many of such values occurring in areas subject to flood menace. 

Historical.—Local attention was focused upon flood-control problems fol- 
lowing the 1914 flood, the first to cause serious damage. Major floods occur- 
ring previous to that date, in the 1880-90 decade, although greater in magni- 
tude than those of 1914 and 1916, caused far less damage because of the rela- 
tively small population and the lack of intensive development. Following 
1914, a flood-control district was formed, embracing practically the entire 
County south of the mountains. The plan of flood control first adopted con- 
sisted primarily of channel rectifications and improvement with little attention 
given to water conservation. A bond issue of about $4500 000 was voted in 
1917 to carry out this plan. : 

The great increase in population occurring in the 1920-30 decade focused 
attention upon the need for conservation of local water supplies, and, in 1924, 
a plan, hastily conceived and prepared without adequate hydrologic and other 
data, was devised for which a bond issue of $35 000000 was voted. In this 
plan conservation of water was emphasized, the bulk of expenditure being for 
storage dams in the mountains, foremost of which was a gigantic concrete 
dam in the San Gabriel Canyon estimated to cost $25 000 000. Some of the 
smaller dams proposed in this plan were built. The large dam in the San 
Gabriel Canyon was abandoned, due to poor foundation conditions, and plans 
for two smaller dams with much less storage capacity were substituted. With 
the advent of a bountiful supply of water from the Colorado River, interest 
in eohservation: of flood water has waned, and the present construction pro- 
gram, amounting to nearly $20 000 000 and carried on by the Corps of Engi- 
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neers, U. S. Army, through the assistance of a large Federal grant, is again 
directed entirely toward channel rectification and improvement. 
Financial.—The cost of the work done by the Flood Control District is 
met by a district tax upon land and improvements only. Since the assessed 
valuation of the City of Los Angeles, which is within the District, has ranged 
from 60% to 70% of that of the entire District, the City has been in the past 
(and will be in the future) called upon to meet this percentage of the total 
cost of the program, except that done under Federal grant. Except for some 
channel improvement in the Los Angeles River and the Pacoima and Tujunga 
Dams, the bulk of the money spent for construction work has been on struc- 
tures and projects outside the city limits, although under the present program 
involving Federal aid, a considerable portion of the funds are allocated to 


projects within the City of Los Angeles. The latter has a very serious storm- — 


water problem within its boundaries, and until a few years ago it had made 
large annual expenditures for the construction of storm drains, the costs being 
raised by local assessment. 

Political—The Board of Supervisors of Los Angeles County acts as the 
legislative body of the Los Angeles County Flood Control District, and vari- 
ous other County officials, such as the Assessor, Tax Collector, Auditor, 
County Counsel, also act for the District. The latter has its own engineering 
personnel which, however, since the District is a separate political entity, is 
‘not subject to County Civil Service regulations. This form of organization, 
originally proposed in the interest of economy, has not been satisfactory, as 
flood-control administration and policy have been submerged in general 
County issues, and popular opinion has not found an opportunity to express 
itself on flood control alone. 

Proper control measures group themselves into the following: 


(1) Water-shed management, including the preservation of existing 
vegetal cover, renewal of destroyed cover, and prevention of erosion; 

(2) Disposition or conservation of flood waters (or both disposition and 
conservation), including construction of regulation and storage reservoirs, 
spreading works, and flood channels; and, 

(3) Control of land utilization in flood-menaced areas, including. the 
reservation of land for reservoir and channel easements and the control of 
land utilization and improvement in menaced areas. 


Recently, much excellent work has been accomplished by Federal and 
County forestry agencies in water-shed management. Motor roads to afford 
accessibility for fire-fighting have been constructed, and equipment and organi- 
zation for such fighting have been provided. Work is progressing in restora- 
tion of burnt-over areas and in prevention of erosion from bare slopes. An 
extensive program for collecting basic hydrologic data, lacking at the time 
previous plans were made and bond issues voted, has been under way for 
some years past. : 

An attempt was made in the 1935 Session of the State Legislature to 
amend the Flood Control Act, creating for the Flood Control District a legis- 
lative body separate from the County Board of Supervisors, providing for 


a ee 


May, 1936 EATON ON FLOOD AND EROSION CONTROL PROBLEMS 743 


3 the preparation and adoption of a comprehensive plan of flood control before 


any further construction work was done, and placing the personnel of the 
District’s staff under civil service. Although such revision had the hearty 
support of all civic bodies interested in the subject, political opposition in 
certain quarters prevented its accomplishment. 

Widespread differences of opinion exist among those hoping to benefit by 
the conservation features of the District’s activities as to the title to the water 
which will be developed by such features, and until this subject is settled 
and a policy adopted governing the utilization of such water, a threat of 
extensive litigation will continue. 

Nothing so far has been done toward the control of land utilization in 
flood-menaced areas, although it would appear that, once such areas were 
designated after proper study and investigation, legal authority probably 
exists to prevent such development and utilization through regulation of the 
sub-division of land by the planning commissions of the County and of 
the various cities within the District. 

Neither has any accomplishment been had in the development of a com- 
prehensive plan of flood and erosion control for the District in which all 
the various phases and aspects of the problem—regulation, conservation, 
land use, and financing—are considered and co-ordinated. Until such a 
comprehensive plan has been developed and adopted and the opportunistic 
and drifting policy which has characterized past efforts to solve the problem 
has been abandoned, future occurrence of events which are related by the 
author of this paper may be expected. 


FE. Courtianpt Eaton,” M. Am. Soc. C. E. (by letter).**—Mr. Pickett 
states correctly that fire-prevention methods on water-sheds are the cheapest 
and best insurance against the débris menace. Next in order of economy are 
provisions for quick access to incipient fires and provisions for adequate 
supplies of water to assist the fire fighters. The quantity of water required 
is not large since modern “fog nozzles”, or high-pressure nozzles creating a 
fine spray as a protection to men and to increase the humidity locally, have 
been found to be very effective. In line with the plan advanced by Mr. 
Pickett, it has been proposed to build submerged and covered concrete tanks 
in the mountains at accessible locations which may be filled from rainfall, by 
collector channels, or by adjacent paved areas, in readiness for the fighting 
of possible fires during a succeeding dry season. As stated by Mr. Pickett, 
limited appropriations have prevented fulfillment of these plans. 

Tf measures for prevention and suppression fail, débris basins must be 
resorted to as the last line of defense at costs which may reach capital 
expenditures as great as $150 000 per sq. mile of water-shed. 

Mr. Davenport mentions the accepted procedure, in determining annual 
run-off quantities, of considering run-off as a residual after subtracting 
evaporation, transpiration, and other losses. This method is entirely proper, 
of course, where the primary purpose is to establish a relation between yain- 


23 Cons, Engr., Los Angeles, Calif. 
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fall and run-off, and are particularly applicable to localities where rainfall is 
less flashy in character and water-sheds are not so subject to physical changes 
as is the case in Los Angeles County. 

Under Los Angeles County Weather and physical conditions a given 
quantity of rainfall in a season may produce widely varying amounts of 
run-off, depending upon the intensities and the previous condition of satura- 
tion of the water-shed, and detail study of daily and hourly precipitation must 
be made. In the studies of Big Tujunga water-shed the problem was mainly 
that of arriving at the regulating capacity required and the expected peak 
flows during the critical 4-day period rather than to determine the seasonal 
run-off. Table 5, therefore, is merely a general and preliminary study based 
upon the indices of seasonal wetness method and was used as a guide in the 

selection of a critical season for detailed analysis. It is possible that the total 
run-off for that season, under normal water-shed conditions, would be close to 
250000 acre-ft. However, there are historical records indicating that the 
water-shed had not fully recovered from a previous fire so that the actual 
run-off may have been even greater than that shown in Table 5. Since all 
historical and rainfall records pointed to 1884 as the year of major flood in a 
50-yr period, that year was selected for detailed analysis. 

The details of the method used in computing the 4-day peak flows are too 
long for reproduction herein, but in brief the procedure included: (1) The 
measurement by planimeter, of sub-areas from a map similar to Fig. 5; 
(2) the distance from the point of delivery to the next succeeding point 
down stream was measured and the channel slope computed; (3) times of 
concentration were determined for the sub-areas; and (4) a coefficient of run- 
off was selected for the average typical soil and cover characteristics as deter- 
mined by field investigations. 


The flow was then computed from the rational expression, Q = C I A, 
in which Q = run-off in cubic feet per second; 0 = coefficient of run-off; 
I = average intensity of rainfall during the time of concentration of the 


sub-areas, in inches per hour; and, A = area of sub-area, in acres. 

The relation between the daily peaks in the maximum 4-day flood period 
was derived from co-related studies of the San Gabriel River water-shed on 
which there are considerably longer rainfall and run-off records than on the 
Big Tujunga water-shed. 

Mr. Jarvis states that the conditions in Los Angeles County are extreme 


and that the County has a combination of physical features and high property ~ 


values not commonly met elsewhere. The writer agrees. Nevertheless, similar 
erosion problems to a lesser degree exist elsewhere in the West although, 
fortunately, high concentration of population and property values do not as 
yet lie within the paths of débris flows. 

Mr. Blaney mentions the excellent experimental work done by Mr. 
Mitchelson, of the U. S. Bureau of Agricultural Engineering, from which much 
valtiable information has been obtained. The relatively high rates of perco- 
lation obtained by Mr. Mitchelson as compared with those of the writer in 
Table 12 are attributable to the relatively clear water available for Mr. 
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. Mitchelson’s experiments. The percolation rates given by the writer are in 

the main those during receding flood-flow periods when the water was cloudy. 
Were it possible, in spreading operations, to count upon handling a reasonably 
clear stream flow the “basin” method of spreading could be used at a con- 
siderable saving in land costs and spreading works. Under conditions where 
the water carries considerable suspended matter, the ditch system, in the 
writer’s judgment, is preferable. 

Mr. Rowe infers that the coincidence of a heavy rain following a fire is 
remote. The writer cannot agree. A storm of high intensity, coming any 
time within a 3-yr, or more, regrowth period after a fire will cause a débris 
_ flow; in fact, a second high-intensity storm within that period may produce 

even a greater débris flow than occurred with the first storm due to the pre- 
viously loosened water-shed condition. Mr. Rowe mentions check dams as a 
possible indirect source of some of the débris. A thorough study made of 
the canyons immediately following the débris flows does not support his theory. 
Mr. Rowe also attributes a portion of the débris flow in Haines Canyon débris 
basin to the operation of a gravel pit which formed the nucleous of the afore- 
mentioned basin. This theory is borne out neither by the examinations made 
of the water-shed to trace the sources of débris, nor by the analyses of débris 
in the basin, much of which consisted of earth and top-soil originating from 
water-shed slopes. 

Mr. Lippincott mentions one of the difficulties under which the Los Angeles 
County Flood Control District has labored. Although there are in the 
District’s files and on file as public records, many complete reports containing 
valuable engineering data, legal restrictions have prevented the financing of 
their reproduction for general distribution and a lack of general knowledge 
other than that contained in the daily press has resulted. 
Mr. Lippincott mentions the publication of a “Rainfall and Runoff Report, 

Seasons 1932-33 and 1933-34.” In fairness to previous administrations 
_ many rainfall data were obtained extending back almost as far as the 
formation of the District and complete rainfall-run-off reports in the afore- 
mentioned form, have been issued each year since 1927. 

Mr. Lippincott draws a comparison in Table 15 between the four dams of 
highest unit cost of the twelve constructed by the District. The average 
cost of all dams built by the District has been about $200 per acre-ft, ranging 
from $35 to $1300 per acre-ft. The average is equivalent to about 13 cents 
per cu yd of débris capacity. 

Undoubtedly, dams, even at the highest cost mentioned, are more econom- 
ical than débris basins. However, dam sites are limited and the débris basin 
takes its place where no adequate dam sites are available. 

Incidentally, considering flood control] and conservation features, a state- 
ment of cost per acre-foot of storage capacity alone is not indicative of flood- 
regulating values, since the reservoirs may regulate in a single season amounts 
three to four times their nominal storage capacity and the conservation or 
hold-over storage features are present in the underground basins fed by the 


regulated flows. 
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Messrs. Kotok and Kraebel have mentioned the work being done under 
their direction by the California Forest and Range Experiment Station of the 
U. S. Forest Service. From their results will be obtained invaluable quantita- 
tive data that will furnish a basis for future planning of remedial and pre- 
ventive measures. The writer agrees that his value of 1500 cu yd of débris 
per sq mile annually from unburned water-sheds may be high. 

Fig. 15 shows graphically the difficulty in estimating rates of débris from 
the high-water mark, A, and taking the cross-section, (, after the recession 
of the flood. The section at the time of maximum flow might be at any place 
between B and A. 

Mr. Baker mentions the difficulty in obtaining public interest in flood- 
protection problems. Fundamentally, the Flood-Control Act itself is respon- 
sible. Under the Act, the members of the County Board of Supervisors, only 
a fraction of whose time can be given to flood-control matters, act as directors 
without additional salary for that service. Furthermore, the Act provides 
that the County Counsel, County Auditor, and County Purchasing Agent act 
in their several capacities for the District without additional compensation 
for this service. Each of these report directly to the Board of Supervisors. 
Thus, there is no semblance of centralized control or responsibility. This 
condition, in conjunction with the failure to finance, legally, the general 
dissemination of reports and information, or the lack of legal authority to 
finance a public relations bureau has placed the District in a defensive 
position. 

Although only partly completed as a completely connected unit, the works 
built thus far have safeguarded thousands of lives and have prevented, and 
are preventing, destruction to property that might otherwise mount to sums 
several times the expenditures made for protection. 

Incidentally, a Comprehensive Plan Report was issued by the District in 
1931, drawing attention to the menaced areas and outlining needed protective 
works. As stated by Mr. Baker attempts to amend the Flood Control Act 
have so far been unsuccessful. 

The writer is much gratified for the constructive discussions that have 
been presented on his paper. 


a 
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TAPERED STRUCTURAL MEMBERS: 
AN ANALYTICAL TREATMENT 


Discussion 


By Messrs. C. W. DUNHAM, FANG-YIN TSAI, 
A. A. EREMIN, AND AUSTIN H. REEVES 


QO. W. Dunnam,” M. Am. Soo. CO. E. (by letter).°"—The method of analysis 
set forth in this paper should be useful as a means of checking design 
calculations for certain special structures after the sections and stresses have 
been determined by other simple and approximate methods. However, there is 
one point or feature which is touched upon almost too lightly; namely, the 
“working lines.” 

One of the most common uses of the tapered section is in rigid frames and 
the location of the working lines may cause considerable variation in the 
results of the analysis. It may be advantageous for the authors to give more 
emphasis to this matter and to include in their method the necessary data to 
serve as a guide of sufficient accuracy so that the possible error which may 
be introduced, due to incorrect working lines, shall not exceed that which 
would result from the use of more simple methods of analysis. 

In one rather extreme case of rigid frames, the stresses resulting from the 
use of a working line through the center of gravity of the center section varied 
more than 10% from those computed by using a working line through the 
center of gravity of the haunch. Of course, this error works in opposite direc- 
tions as far as the stresses at the crown and haunch are concerned, but, in 
any event, it is too large to neglect. 

Although the rigid frame is only one of the types of structures in which 
the tapered member is used, it is an important type. Such frames often have 
a definite camber or curve in the top chord. This adds a thrust in the frame, 
because of the tendency toward a partial arch action which is not included in 

' the formulas given in the paper, but which should not be omitted in the calcu- 


Am, Soe. C. E., was published in October, 1935, Proceedings. Discussion on this paper 
has appeared in Proceedings, as follows: February, 1936, by Messrs. Fred L. Plummer, 
and LeRoy W. Clark; and March, 1936, by Messrs. HB. G. Paulet, J. Charles Rathbun, 
and Halvard W. Birkeland. 

2 Asst. Engr., Design Div., Port of New York Authority, New York, N. Y. 
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lations. Furthermore, assuming a portal-like member supported by columns 
in a building, as suggested by Fig. 12, the location of the working line in the 
tapered section may greatly affect the moments in the columns themselves. 


Fanc-Yin Tsar,* Assoc. M. Am. Soo. C. E. (by letter).“*—The outstanding 
feature of the method described in this paper is the substitution of an approxi- 
mate I-curve for the actual one so that the various constants can be expressed 
by formulas derived by direct integration. Several sets of such formulas, 
most of which are rather lengthy and involve fractional exponents, are pre- 
sented for the computation of the various constants involved in the moment 
distribution method proposed by Hardy Cross, M. Am. Soc. OC. E. To those 
who prefer to solve the problem by formulas, this paper may be of value. 

In the aforementioned formulas, the authors have introduced the various 
constants, F,, F., Ff, ete., without assigning to them any physical meaning. 
Elsewhere”, the writer has stated that, 

““ * * to analyze, by any method, a continuous structure with a 
moment of inertia varying in any manner, five independent constants or 
coefficients must be known (three beam coefficients and two load coefficients) 
for every span of the structure considered as a simply supported beam; and 
these five coefficients may be expressed in various ways to suit any particular 
method of analysis.” 

It may be of interest to compare the authors’ F-constants with those of 
the other systems, and, before doing so, a brief explanation.of the latter with 
regard to their characteristics and adaptability to certain methods of analysis 
will be necessary. Among the various prevailing systems of expressing these 
beam and load constants, the following are the most outstanding: (1) The 
method of angle changes; (2) the method of moment areas; (8) application 
of Ruppel’s constants; (4) application of Strassner’s constants; and (5) appli- 
cation of constants in the Cross method. ; 

(1).—Angle Changes.——The system of expressing the constants in terms 
of angle changes was first introduced apparently, by German authors and was 
used by Ernst Suter® and A. Strassner® in developing their methods of 
analysis. Considering the beam, DR, in Fig. 22, as simply supported and 
subjected to any loading, the following angle changes occur: a = angle 
change due to the given loading (see Fig. 22(b)); a = angle change due to 
a moment of unity applied at the same end as @° (see Fig. 22(c) and 
Fig. 22(d)); and 8 = angle change at either end of a beam due to a moment 
of unity applied at the other end (see Fig. 22(c) and Fig. 22(d)). The sub- 
scripts, Z and R, denote left end and right end, respectively. 

(2).—Moment Areas.—Again, considering Beam LR (Fig. 22) as simply 


supported and subjected to any loading*: A, = area of the M. diagram due 
I . 


88 Den? ah) Sten alan EEE 
Pavia Prof. of Structural Eng., Dept. of Civ. Eng., National Tsing Hua Univ., Peiping, 


a Received by the Secretary January 21, 1936. 
% Proceedings, Am. Soe. C. E., May, 1935, p. 692. 
8 “Die Methode der Festpunkte”, Julius Springer, Berlin, 1932. 


. * “Neuere Methoden zur Statik der Rahmentrigwerk t i - 
tréger”, Vol. 1, Wilhelm Ernst & Sohn, Berlin, 1995.°" Mae wet repo Ts 
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to loading; g = abscissa ratio of the centroid of Ao from End L; A = area of 
IVE ee 
the Ae diagram due to a moment of unity applied at the designated end (the 


end indicated by the subscripts, ZL or R); and wu and v = abscissa ratios, of 
the centroid of A, and A, from Ends L and R, respectively. 


Any Loading 


Rigidly Fixed 


Fie. 22. Fie. 23. 


Of the six constants, only five are independent, since it can be shown 
easily that, according to Maxwell’s principle of reciprocal deflections 
- (angular), the following relation is always valid: 


Aru = et a a meee Seperieesererscr gh Ch OU) 


(3)—Constants in Ruppel’s Tables".—The tables introduced by Walter 
Ruppel, Assoc. M. Am. Soc. C. E., were converted and also extended from 
Strassner’s tables” for use in the graphical method of fixed points or conju- 
gate points developed by T. C. Fidler*, A. Ostenfeld”, and L. H. Nishkian 
and D. B. Steinman”, Members, Am. Soc. C. E. In these tables are found 
the beam constants or coefficients, p, qd, U, and v, and the load coefficients, 
sand t. The constants, u and v, are identical with those of the moment areas 
previously mentioned. The physical meaning of the constants, u, v, s, and ¢, 
is shown in Fig. 23. Again, only five of the six constants are independent, 
since the following relationship is always valid: 


pu = Ge caine anon dg ame 


81 Transactions, Am. Soc. C. B., Vol. 90 (1927), pp. 167-187. 

38 Minutes of Proceedings, Inst. C. B., London, Vol. 74 (1883), p. 196. 

¥ “Meknisk Statik’? (in Danish), Vol. II, Copenhagen, 1925, pp. 83-142. 
40 Transactions, Am. Soc. C. B., Vol. 90 (1927), pp. 1-48. 
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(4)—Constants in Strassner’s Tables*—The beam constants”, az, Par» 
and ¢g,, and the load constants, ¢g and ¢:, are presented in Strassner’s 
tables. An important feature of this system is that, for a uniform load over — 
the full length of a symmetrical double-tapered member of any shape, the load 
constants, 3 and ¢+, are always equal to unity. Hence, for the given case, 
no tables are needed for those two constants. 

(5).—Constants in Cross’ Method of Moment Distribution —In applying — 
the method of moment distribution developed by Professor Cross”, the follow- 
ing constants for every span of a continuous structure must be first deter- 
mined: C,r = the factor required to carry over the moment at End ZL, to 
End R. (Cra, = the factor required to carry over the moment at End R, 
to End LZ. The sign for Czz and Cz, will be considered here as positive) ; 
S, = the stiffness factor when a moment is applied at End Z with End R fixed. 
(Sz refers to the moment applied at End R with End L fixed. This stiffness 
factor is in accordance with Professor Cross’ definition“. That given by the 


authors’ in Equation (61) or Equation (62) is equal to = , which corresponds 


to L for beams of constant moment of inertia. Similarly, the modified stiff- 

ness factor given by the authors’ in Equation (110) or Equation (111) is equal 
iy 

to = which corresponds to a for beams of constant moment of inertia) ; 


and My, = the fixed-end moment at End LZ, due to loading, with both ends 
fixed. Again, only five of the six constants are independent since the following 
relation is always valid: 


Chasity = CoE aet eee oe ttre coe eee ee (169) 


In addition, the following modified constants are worthy of note: S’, = the 
stiffness factor when the moment is applied at End Z with the other end 
simply supported; and M’,, = the fixed-end moment at End Z due to the ~ 
given loading, with the other end simply supported. The following relations 
ean be found easily: 


Wo = Se Le Ora Cap) wee woes tak 
Bip = Bs (1° > * Ore Caz). Os 00s ee eke CL 


My, = Mrr + Crt Myr Al (172) 
M’ sn — Morr + Oe. M wz eee e ee ee oe ee . . Bala) 

and, 
Crs S’, = OF SA. cite (0 Ohad lecle wiiletie fe! a. 'e 6 Wise’ wile Sohtete) oe eLale (174) 


“There are no such notations in Strassner’ MY i 
Rahmentriigwerke und der Blistischen Bogentrageri: voltae, Em ETS) Pere — 
introduced by the writer, indicating that they are the functions of a,, ap, 8.8, andes. 
Similar tables are also found in “Die Methode der Festpunkte’”’, by Ernst Suter pp. 413-419. 

“ Transactions, Am. Soc. C. E., Vol. 96 (1932), p. 1. ; 

48 Loc, cit., p. 2. 
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~ TABLE 3.—Conversion or Beam AND Loap ConstTANTS IN THE VARIOUS SYSTEMS* 
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* Signs for the various quantities in the 


table are disregarded; 1 kip =1 000 lb. 
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Comments.—The relation between all the constants of the aforementioned 
five systems are presented in Table 3“, in which all the quantities on the 
same horizontal line are equal to one another and the additional notation 
is defined as follows: J’ = minimum moment of inertia of the tapered mem- 
ber, in feet‘; ZH = modulus of elasticity, in kips per square foot; 1 = span 
length, in feet; W = total load on the span, in kips (in applying Strassner’s 
and Ruppel’s tables, the load constants for each load must be computed sepa- 
rately and used with the proper summation if there are several loads on the 
span); and K = a factor to be used in connection with Strassner’s tables only. 
K = 1 for concentrated load and K = 4 for uniform load over the full span 
length. By means of this conversion table (Table 3), the constants of any 
other system may be computed easily when those of any one system are 
known. 

Of the five systems of expressing the constants, each has its own especial 
adaptability to a particular method of analysis. That the angle changes and 
Strassner’s constants are especially adapted to Suter’s and Strassner’s methods 
and that Ruppel’s constants are especially computed for the graphical method 
of fixed or conjugate points have already been indicated. Elsewhere* the 
writer has used the angle changes in developing the general form of the three- 
moment equation, resulting in an exceedingly simple formula as follows 
(see Fig. 24): 


Bi Ma + (an: + are) Me + Bo Mc = —a°m — a° ye... .. (175) 


The same constants have also been used by the writer in developing the gen- 
eralized graphical analysis of restrained and continuous beams“ and the slope- 
deflection equations”, as follows: 


| ig ee ey ee 6% — (as + 8) © = (as ay — Ba°x)].(176) 
ay, ae — l 
and, 
Mamet Lap ye (a, AB * + (a; a°s — Ba°,)]. (177) 


oT, &R — 


The constants of moment areas have been used by A. W. Earl“, M. Am. Soc. 
C. E., in writing the slope-deflection equations; by Thomas F, Hickerson”, 
M. Am. Soe. C. E., in developing his method of analysis; and by Ralph W. 
a et ee eee 


* “Cross’_Constants for Members with Varying Moment of Inertia”, by Fang-Yin Tsai 


and Tseng-I Yang, Journal, Tsing Hua Civ. Eng. Soc., Peiping, China, No. 2, July, 1931 


(in English), 


_“° “Theorem of Three-Moment in General Form”, by Fang-Yin Tsai, Th i 
Saray Tsing Hua Univ., Peiping, China, Series A Vole £. pp. 19-36, Westper es e 
_ “ “Generalized Graphical Analysis of Restrained and Continuous B a 
Yin ete gay Tsing Hua Civ. Eng. Soc., Peiping, China, No. 3, May, 1932 (in Bogieny. 
‘Slope-Deflection Equations for the Analysis of Ri id Frames with i 
“A ree isa k Walt hae ae ae Neruae sents. National Tsing Hua Gene Ponen 
. ’ pees - (0-81, July, : imilar equations have also been i 
by a5 T. poe ae bh EE ANCO eee fy ol Journal, Am. Concrete That: Octoheereiene 
id ’ , 1 ie ( 3 
Brothers, Ine., Ann Arbor, Mich., 1934. Re ATR aang LT, aves ee 


*“ Transactions, Am. Soc. C. B., Vol. 96 (1932), p. 114. 


* “Structural Fr Ru i i 
Chapel Hill, N.C, 1984, .\”’ PY 7: ¥. Hickerson, The Univ. of North Carolina Press, 


es 
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Stewart”, M. Am. Soe. C. E., in his paper entitled “Analysis of Continuous 


- Structures by Traversing the Elastic Curves.” Besides their imperative use 


in the method of moment distribution, Professor Cross’ constants have been 


p< 
Lot Eitimare 


used by E. B. Russell™ in his method of restraining stiffness, and may be 
also used in writing the slope-deflection equations, as follows: 


Miz = S: [6; ai Cir a= re! = Cre) +] = Mr a (178) 


and, 


Hie ese (ogtie Oni br (Le Oks) 4] ye re 


The comparison of the authors’ F'-constants with those of the five systems 
previously mentioned are presented in Table 4, in which the value of A is 
computed by the authors’ Equation (7). This factor, A + 1, is introduced 
because, for reference of computation, the writer and others have all used 
the minimum moment of inertia, J’, or I,, whereas the authors have used the 
maximum moment of inertia, I4, which is equal to I; (A + 1), or I’ (A + 1). 
Tables 3 and 4 not only facilitate the application of the authors’ formulas to 
any method of analysis, but also furnish a comprehensive view of the relation 
between all the constants of the various systems. 

Of the aforementioned systems, that of angle changes is perhaps the most 
fundamental and elegant inasmuch as such changes not only possess a definite 
physical meaning, but they also represent, directly, the predominant deforma- 
tions of continuous structures, on the basis of which most of the methods of 
analysis are developed. Moreover, their use in certain methods, gives exceed- 

50 Proceedings, Am. Soc. C. H., October, 1934, p. 1125. 

51 “Analysis of Continuous Frames by the Method of Restraining Stiffness’, by HE. B. 
Russell, San Francisco, Second Edition 1934, Tables for the constants, Be es 


er; ee and ee computed from Ruppel’s tables may also be found in this book, pp. 


24-42, 
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; ingly simple results, as in the case of the theorem of three moments presented 


~“ 


by Equation (175). From Table 4, it is seen that the authors’ F’-constants 
are similar and proportional to those angle changes, and the former may be 
considered as the coefficients for the latter. Angle changes are, perhaps, 
most easily computed by the method of moment areas, applied either graphi- 


-eally, as shown by Ernst Suter”, or by numerical summation, as shown by 


G. E. Large™, Assoc. M. Am. Soc. C. E. 
The authors’ method is inherently approximate, since it requires the 


replacement of the actual I-curve by a substitute J-curve, and the latter can 


rarely fit the former exactly, especially when the actual [-curve is very 
irregular, or has some abrupt changes, as illustrated by the authors’ Fig. 1. 
Although close approximation is not objectionable in the analysis of continu- 
ous structures (particularly in the case of reinforced concrete, in view of 
the many other uncertain and even untrue assumptions involved), the appli- 


~ eation of the authors’ formulas for computing the F’-constants requires much 


more labor than the moment-area method. “It is regrettable that they have 


not given a numerical example to indicate how approximate the results of 


their method are and how much labor their computations require. For this 
purpose, the writer has solved the numerical example given by Professor 
Large® (Mr. Tsun-Kuai Liu has computed the various constants). Using the 
results of Professor Large’s computations, the following constants of 
the moment-area method are derived (see Fig. 95): Ao = 89.15 X 3 = 267.45 


Pot Ae 919 x 2 = 2736 fe; 9 =) 1 = 19.62 _ 9346; 
10 30 
= =~ = 0.601; and vu = — — 0.464. (The reason for using the 


multiplier, 3, in the computation for Ax is explained by Professor Large. 
The denominator, 10, is necessary since Professor Large used an end moment 
of 10 instead of unity, which is the value used by the writer in defining 


2.736 _X_0.464 = 3.669 ft*; or, 


A, and Az). By Equation (167), Az = 
0.346 


using Professor Large’s results, Ar = 12.27 X = — 3.681 ft*. Both values 


of A, are in close agreement. However, in order to check all the results 
exactly, the value, 3.669, will be used for Az in all the computations. For 
the purpose of illustrating and comparing all the beam and load constants 
of the various systems, they have been computed for the same example in 
accordance with Table 3 and are arranged for comparison in Table 5, All 
the results in this table are eross-checked by computing them with 6-place 
logarithm tables to a precision of at least four significant figures, which, of 
course, is rarely necessary in ordinary practice. 
52 “Die Methode der Festpunkte’”’, pp. 77-80. 


S8Bylletin No. 66, Ohio State Univ., Columbus, Ohio, November, 1932, p. 145A similar 
put slightly different treatment by the same author is also found in Transactions, Am. 


Soc, C. B., Vol. 96 (1932), p. 102. 
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10 kips 


kl=21 ft (k=0.7) 


l=10 @ ft =30 ft 


(a) BEAM AND LOADING 


rl=18 ft (r=0.6) PE Ti eT 12 ft (e=0.4) 
ee sal ba-se y-02) 
ae 


<=v 
—— | The Actual I-Curve | 


| 
The Authors’ Substitute J-Curve 
(A=9,77, n=1.41, B=3.42, m=0.64) 
All Values of Zin ft* 


t) 1 2 3 4 5 6 7 8 9 


(b) COMPARISON OF THE AUTHORS’ SUBSTITUTE -CURVE WITH THE ACTUAL I-CURVE 
rl=18 ft(r= 0.6) 


—_—— The Actual J-Curve 


—-=— | The Writer's Substitute 7-Curve 
| | (A= +0.071, n =—0.101) 


All Values of J in ft* 


1 2 3 4 5 6 
(c) COMPARISON OF THE WRITER'S SUBSTITUTE , . : g 


-CURVE WITH THE ACTUAL CURVE 
Fig. 25. pre toet | 


We 
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Using the authors’ method and referring to Fig. 25(b): By Equation (7), 


IYO sae 
28 2.6 108 ; : 
ieee 975 by Kquation (8), 7 = a Ena PAT by 
0.3 
log —— 
Wb X- 2.6 aS 
: ‘ x 4 : 
Equation (10), B = tu tauae’ = 3.42; and, by Equation (11), 
tL Sis | 
log 3.6 
A 
pe 2 42 X 3.6 0 64, 
0.2 
log —— 
0.4 
TABLE 5.—Tue Vauues or Att Constants or THE Various Systems 
FOR THE Beam SuHown IN Fic. 25(a) 
0 Se Ne ee ee ee 
Angle changes Moment areas Ruppel Strassner Cross 
= 1.470 radians| A, = 2.736 ft-3 p =0.2371 $ q, =0.3812 Crp = 0.5291 
: E kip-ft a Cp, = 0.8657 
: Ap = 3.669 ft-8 q=0.3180 ¢¢,, = 0.6237 exe 1.2581 H kip-ft 
ee 2.400 radians =0.464 ie Ls, oe 
2 ype | ¢ =o. u =0.464 aeiwears Sp = 0.7689 E kip-ft 
Ps: be Bae? Mp, = 27.26 kip-ft 
: =0. » =0.346 eee 
ges 1.270 radians $= 0.2801 Mpp = 52.55 kip-ft 
E kip-ft | Aj= 267.45 kip-ft-? | s=0.1300 Check: 
= 0.1457 J 
a, 106-71 diane! 970-601 t =0.1457 # Cre51=CarSp =0.665 F 
L=— fadians Modified: 
Check: : : 
ety eck eee 5’, = 0.6819 EH kip-ft 
a p= “““radians} A;wu= Apv= 1.270 pu =qv =0.110 S’p = 0.4167 E kip-ft 


E 
M' ry = 72.75 kip-ft 


M’ pp = 66.97 kip-ft 
Check: 
eA can ee he a wl Ct 


With the foregoing four constants known, the authors’ F-constants and 
Professor Cross’ constants are computed by their “exact” and approximate 
formulas. The same constants are also computed from Professor Large’s 
results in accordance with Tables 3 and 4. All the values are arranged in 
Table 6, in which the percentages of the errors in the values of the authors’ 
formulas in comparison with those by the moment-area method are also shown. 
Since the results of Professor Large’s computations are sufficiently accurate 
(he has checked them, at least partly, by models), the authors’ “exact” 
formulas yield errors as great as 12% and their approximate formulas yield 
errors as great as 50% even for this quite ordinary case. As far as the 
writer’s experience is concerned, the application of the authors’ lengthy 
formulas involving fractional exponents requires considerably more time and 
js also more susceptible to errors than the moment-area method applied either 
graphically or by numerical summation. In view of the foregoing comparison, 
it is very doubtful whether the authors’ method will replace the moment-area 
method and find favor among practising engineers. In fact, since the design 
ot continuous structures usually requires a long cut-and-try process (as 
stated by the authors under the heading “Approximate Solution”), it seems 


> | 
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) 
7 


to the writer that there is absolutely no reason why, ordinarily, a designer 
should not design his tapered members in accordance with those prevailing 


types (straight, parabolic, and sharply curved tapers), for which many sets. 


of very comprehensive tables and charts are now available, in order to save 
the enormous amount of labor which would be required if he chooses to do 


otherwise. 
TABLE 6.—CompaRISON OF THE VALUES OF ConsTANTS COMPUTED BY 


Moment ArgAS AND BY THE AuTHors’ MretHop 
(A = 9.77; B = 3.42; n = 1.41; and m = 0.64.) 


Tue AuTHors’ MretHop 


Moment- 

Description area Equa- Per- Equa- Per- 
method “ Exact ”’ Hon. centage are bi tion | centage 

No. error ee No. error 
1.185 1.162 (63) — 1.2 0.965 (112) —18.6 
2.240 2.355 ioe + 5.1 1,552 (113) —30.7 
1.369 1.358 (65 — 0.8 1.253 (114) — 8.3 
0.500 0.483 (68) — 3.4 0.348 tis —30.4 
0.332 0.318 (69) — 4,2 0.275 118) | —17.2 

The Cross’ Constants: 

Cx psiOl Ga piney dvsine de 00). 0.5291 0.4935 (52) — 6.7 0.6219 (52) +17.5 
Grr ON Coats sn ain tsa reo 0's 0.8657 0.8554 (53) — 1.2 0.7702 (53) —11.0 
pues , or Sy, in feet? ...... 0.3145 0.2972 (61) — 5.5 0.3576 (61) +13 .7 
pe, , or Sp, in feet?...... 0.1922 0.1715 (62) —10.8 0.2888 (62) +50.2 
Myy,, or My, in kip-feet...| 27.26 30.49 (42) | 411.8 || 26.80 (42) | — 1.7 
Mpp, or Mz, in kip-feet ..} 52.55 46.53 (43) —11.5 || 50.56 (43) -— 1.9 


From Fig. 25(b) it is seen that the authors’ substitute J-curve falls short 
quite considerably in comparison with the actual J-curve at Section 9. Since 


a change in the J-value near the end of a member usually has a greater — 


effect on the various functions than a change near the center, the large errors 
in the fixed-end moments computed by the authors’ “exact” formulas may be 
attributed to this cause. The errors might possibly diminish somewhat if the 
substitute J-curve for the left half of the beam had been made to pass through 
the actual I-curve at Section 9 (in which case, f = 0.1; If = 6.5; and 
m = 1.075) instead of Section 8. However, if this is done, the substitute 
I-values to the right of Section 9 would be much too large, and the fitting 
of the substitute [-curve would also require a few trials. For this reason, the 
writer has tried to find some other equation for the substitute J-curve which 
will fit the actual I-curve better than that of the authors’, and obtained the 
following results (see Fig. 25(c)): 


Ia = Ig + (la — Ic) [» (+) + heating (=) ] (180) 
\ 


erro ae 
n Ig —Te\e a tsa en ieee (181) 
r 
rea | 
e 


: 


€ 


May, 1936 TSAI ON TAPERED STRUCTURAL MEMBERS 759 


Pee EE, Te) E (2) + Cae) (4) ] vee (182) 
§ § 


and, 
Tethys ee) 
aie CN et | 
Ee ip ON a, (183) 
PO ao aie np 
peel = Gp 
f 


Equations (180) to (183) correspond, respectively, to the authors’ Hauas 
tions (6), (8), (9), and (11), with the difference that the variable abscissa 


ratios, a and b, are measured from the ordinate of I, to the left and right, 


respectively, and that the values of 4 and » may be either positive or negative 
within certain limits. Applying Equations (181) and (183) to the foregoing 


example: 
6—2.6 (25) —1 
Nees = 2-608 Sth OLU TE 
0.6 
NSE 
0.3 
and, 
3.6 = 26 (24) - 1 
a ee ebeeeeON OB. O01: 
0.4 
ee 
0.2 


The writer’s substitute [-curve, together with the actual I-curve, is plotted 
in Fig. 25(c), from which it is seen that the fit is much better than that 
shown in Fig. 25(b), particularly at the left half where the curves almost 
coincide. The writer hopes that the authors will investigate the possibility of 
using the foregoing equations in their method. 

The position of the working line shown in the authors’ Fig. 12 is very 
reasonable and is in agreement with that used by German writers”. How- 
ever, a study should also be made of the condition at the intersections of 
beams and columns, which affects greatly their [-values and, consequently, 
the moments™. As indicated in Fig. 12, the authors have assumed the con- 
dition of Fig. 26(b) for considering the I-values of beams, which is also in 
agreement with German writers® ®; but the condition shown in Fig. 26(c) 
ig also very reasonable and may represent the actual condition more or less, 
particularly when the width of columns is considerable. For considering 
the I-values of columns, the conditions shown in Fig. 26(d) and Fig. 26(e) 
have usually been assumed, in which case the following angle changes may 
be easily derived when the cross-section of the columns is constant: 


& ‘Analysis of Continuous Frames by the Method of Restraining Stiffness”, by H. B. 
Russell, San Francisco, Second Hdition, 1904, p. 45. 


760 TSAI ON TAPERED STRUCTURAL MEMBERS Discussions 
ae be ee a (185) 
By NT 
and, 
gas UA Ut ch 2 0 oe ee (186) 
38 EI ph 
1 
= . 
Working’ Line Re ag tele os 


(d) (e) = 


Fig, 26. 


With the foregoing value known, Professor Cross’ stiffness and carry-over — 
factors may readily be computed. To make sure of the assumed conditions - 
regarding the J-values and the working lines, experimental investigations with 
models in this direction will be of great value. 

Its title indicates that the paper should cover a much wider scope than it 
actually does, inasmuch as the term, “structural members”, as commonly 
understood, includes such members under the action of flexure, compression, 
tension, or torsion, or any combination of them. Actually, the paper treats 
such members under the action of flexure only, and, therefore, it would be 


more appropriate and also more precise if the word, “structural”, in the title 
were changed to read “flexural.” 


a ee 
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A. A. Eremin,” Assoc. M. Am. Soc. OC. E. (by letter).°"—An interesting 
method of computing the elastic coefficients of tapered members is presented 
in this paper. With the equations developed by the authors, a complete analyti- 
cal analysis of perfectly rigid frames can be made. 


The computations of the coefficients, /', may be simplified, as follows: A 
general integral expression of the elastic coefficients of tapered members is: 


l 
a= f ae NACE te enc SERS 
Oo Zz 


In which p is an exponent of x that varies from zero to 5. In the most com- 
mon cases (see Equation (24)), p = 5. 


Substitute Equation (1) in Equation (187) as follows: 


rat fo [r+a(2) ] oa Dress duvide eat (198) 


: Integrating and simplifying, Equation (188) becomes: 


if 1 yp dx al get a A grip | 
eet op el Ge 4pty 1) 


1 A 


-P/ +745] Cbeloeas oma CaDDE o (189) 
UE AW a AC eg a 9) 
The integrals entering Equation (189) may be expressed as: 
1 
sO fala hilidta aay ext ln heh: | ASRS (190) 
oO ihe Ie 
l 
if OL ct EY ag ten MORE A IS ie (191) 
oO I; Ne 
and, 
oh Bac ase SS Ra MES ioe Mn a (192) 
0 ds I, 
From Equation (189), the values of Ff are: 
jeegee ya telnet Vigne MP I eee (193) 
n+ 1 
1 A 
Fee i SR ae) Sing ae oa Ril ra OR Ce (194) 
rash ore Tae 
and, 
1 A 
Li = Petia. see 16 crore (195) 
3 : n+3 


ee ae 
5 Assoc. Bridge Designing Engr., Div. of Highways, State Dept. of Public Works, 
Sacramento, if. 

oa Received by the Secretary February 7, 1936, 
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Therefore, from Equations (33), (34), (35), (190), (191), and (192): 


f oA) =) Gt, SAE (pe oan Boa tear ene (196) 

é the I, 
of x? dx = (ke Resa ke teeth one de ER (197) 

Be BOIS T4 

and, 
l 
i Moet OB ay” ER pt oR ee) sae eee (198) 
F. I; I4 


Equation (189) is especially convenient in computing the loading coeffi- 
cients, with bending moments in which the power of « is the highest, as in 
Equation (24). 

Computation of the coefficients for tapered members may be further simpli- 
fied by means of Strassner’s tables”, in which the elastic properties of mem- 
bers with variable sections are expressed by formulas for moment of inertia 
similar to those in this paper. 


Assume that NV =" ; and that = — Then Equation (1) for the moment — 


é 
of inertia of a tapered member becomes the same as that introduced by 
- Professor Strassner™, . 


pk ot lod ai ans als one 
1—(1— N) 

The formulas developed by Messrs. Weiskopf and Pickworth suggest the 
construction of, various tables and curves to simplify the computation of 
stresses in statically indeterminate frames. The authors have made a valuable 
contribution to the profession. 


Austin H. Reeves,” Assoc. M. Am. Soc. C. E. (by letter).“*"—The great 
worth of this paper is proved more conclusively with each increment of study. 
Haying designed many types of structural frameworks containing members 
of variable moment of inertia by both conjugate points (fixed points) and 
the method of fixed-end moment distribution, it was with a critical (if not, 
antagonistic) state of mind that the writer approached the paper. This 
condition was caused by a casual glance disclosing plenty of calculus. 

However, a start was made by checking about twenty of the equations 
against several designs which the writer knew to be correct. The accuracy 
of the results of the analytical treatment was thus established. Nevertheless, 
a further and much more exhaustive study was made, which produced an ever- 
increasing respect for the authors’ treatment of the subject. For example, 
the writer solved the problem shown in Fig. 27, a beam with a lateral width 
of 12 in. Within 5 min it was determined that n should be less than 1.3. 
UD EY SRE SLE A WE DOME ins ab SBE SG SO 


56“Der Durchlaufende Rahmen”, by A. Strassner. 
57 Newark, N. J. 


Sta Received by the Secretary April 20, 1936. 
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Within an additional 5 min it was decided that an accurate enough value of 
nm would be 1.1; that is, since ¢ 1 = 4.9 ft; Ie = 4411 in*; I, = 46656 in; 
and I¢ = 1728 in, A is found by Equation (7) to be 26. Then, it is a 
matter of simple substitution in Equation (8) to determine that n = 1.1. 


18 ft 
1 =30ft 
Fic. 27. 


It is impossible to have more than one correct value for n. A correct 
substitute [-curve cannot run through any arbitrarily selected point because 
it must satisfy the following two conditions”: 


(a) The area of the actual J-curve must be maintained in selecting a 
substitute curve; and, 

(b) The distance from the left support to the center of gravity of this 
area must be the same for the substitute J-curve as for the actual curve 
because it controls the size of the carry-over factor, whereas the area controls 

the rigidity and is also a factor in determining the amount of the fixed-end 
moments. 


It is incorrect to run a substitute [-curve, successively, through a number 
of points selected arbitrarily by measurements from the left support. Of 
course, such procedure would give to n a different value for each point 
selected. 

The paper is so excellent that the writer hesitates to make suggestions. 
However, emphasis should be laid upon the fact that e J and I should be 
selected correctly first (using Conditions (a) and (b) as criteria), and then 
the correct value of n can be computed by Equation (8) of the paper. 

In conclusion, the writer wishes to express his admiration for the thorough 
manner in which so complicated a subject has been presented. The paper 

should be used extensively in the future as its full import becomes: appreciated, 


38 Transactions, Am. Soc. C. H., Vol. 90 (1927), p. 90. 
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INFLUENCE OF DIVERSION ON THE MISSISSIPPI 
AND ATCHAFALAYA RIVERS 


Discussion 


By E. W. LANE, M. Am. Soc. C. E. 


E. W. Lanz,” M. Am. Soc. C. E. (by letter).**—Briefly stated the author’s 
contentions are: 


(1) That the discharge capacity of the Mississippi River below Red 
River Landing has deteriorated considerably during the past 
fifty odd years. 

(2) That this deterioration has resulted from a deposit of silt in this 
stretch which has reduced the channel area. 

(3) That no corresponding deterioration has occurred in the channel 
capacity above Red River Landing. 

(4) That the deposit below Red River Landing has occurred due to the 
diversion of water from the Mississippi at all stages through 
Old River, in conformity with the hypothesis of Guglielmini. _ 

(5) That the slope of the Atchafalaya River has decreased in agree-- 
ment with this same hypothesis. 


The writer’s discussion will cover these five points in order. 

If, as the author contends, a reduction has occurred in the discharge capa- 
city of the Mississippi River below Red River Landing in the 50 yr following 
1882, of about 7 ft for a discharge of 1100000 sec-ft (which is equivalent to’ 
a reduction in discharge of about 250000 ecu ft per sec), it is a matter of 
major importance in connection with the flood control of the Mississippi 
River. Should this continue in the future, continuous construction will be 
necessary to prevent a progressive decrease in the degree of flood protection 
given by any system of works which does not remove the cause. 

The method used by the author to prove this contention is sound, although 
so far as the writer knows it has not heretofore been used extensively, if at all. — 


en eee ee eee 

“pe akat ers pene ey BE. F. SEE Aty, M. rae Soe. C. et was published in November, — 
D, oceedings. iscussion on e paper has appeared in Proceedings, as f 33 

April, 1936, by Leo M. Odom, Assoe. M. Am. Soe. CE. Fi Baty 


* Prof. of Hydr. Eng., State Univ. of Iowa, Iowa City, Iowa. rf 
18a Received by the Secretary March 18, 1936. 
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tin order to check his results the writer has investigated the effect in a 
‘similar manner for the same discharge, and for discharges other than those 
used by the author. All current meter measurements, available to the writer, 


between 1150000 and 750 000 ecu ft 
per sec have been used. The stages 
for each discharge within 50000 
of the even 100000 cu ft per sec 
were adjusted to the nearest even 
100 000 by using the discharge in- 
erement corresponding to that dis- 
charge, in a manner similar to 
that used by the author. All 
measurements that might have 
been affected by crevasses have been 
eliminated, except in 1882. Since 
the stages used in this year are 
so little, if any, above the bank 
level, the effect of crevasses on dis- 
charge would be negligible. 

The results of these studies are 
shown on Fig. 3 in which the ad- 
justed stages are plotted against 
their respective years for each of the 
four discharges. The solid line 
joins the points indicating the 
mean of the adjusted stages in 
each year. The lower dotted line 
joins points showing the lowest 
adjusted stage and the upper 
dotted line joins the points giving 
the highest adjusted stage. Above 
each set of points is given the 
number of observations on which 
the points were based. For each 
discharge a mean line has been 
drawn showing the general trend. 

In each case the trend is un- 
mistakably upward, the slope mag- 
nitude increasing somewhat with 
the discharge. This increase of 
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stage for a given discharge is also indicated by plotting the discharge measure- 
ments near Red River Landing against stage, which is just another way of 
presenting the same data. A similar indication may be noticed in the 


Carrollton gaugings. 


In Fig. 4 are plotted discharge rating curves for the years 1880 and 1930— 
based upon points taken from the mean lines of Fig. 3 at those years—for 


{ 
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the four discharges investigated. These curves have been extended by dotted 
lines to zero discharge at Gulf level (Elevation — 3.57 on the gauge) to indi- 


cate approximately the difference at other discharges. A comparison of these — 


rating curves indicates very strongly 


i that a reduction of the discharge 


capacity has occurred. The curves 
oie. indicate a decrease of discharge 
3 capacity in 50 yr, at a 40-ft stage, 
33 of about 250000 cu ft per sec. 
= The evidence presented by the 
= 20 author that the maximum: stages 
& reached during the years since 1867 
” 


were tending to increase also is 
evidence pointing to deterioration, 
but is not so definite as the evidence 


2 4 : , 

Discharge in Hundred Thousands of Cu Ft per Sec based upon discharg e, since the 

Fig. 4.—DiscHarGr RATING CURVES FOR maximum stage reached in high- 
1880700: SBN, water years depended upon the 


strength of the levees, as the author states under “Conclusions.” However, 
since the great flood years are few in number, the effect of the increas- 
ing strength of levees would probably be small. The value of 7.3 ft found by 
this method is not exactly comparable to the 6.9 ft found by the hydraulic 
method, since, assuming a uniform rate of deterioration, the 7.3-ft rise would 
occur between the middle of the first and the middle of the last period for 
which the stages were averaged, or 56 yr, whereas the period covered by the 
discharge method was 50 yr. The rise for 50 yr instead of 56 yr, assuming 
a uniform variation, would be 6.5 ft. : 

The author’s second contention is that the deterioration of channel capa- 
city below Red River Landing is due to a reduction of the channel area 
caused by a deposit of silt. A general form of equation for the discharge 


capacity of a river is: . 


O° OA BSB". crag eden wee ae (1) 


A reduction in capacity can result from a decrease in one or more of the 


elements, C, A, R, or 8. For the Mississippi River below Red River Landing ~ 


it can scarcely be due to a decrease in the slope, S, since the river discharges 
at a constant elevation into the Gulf of Mexico, and, for a given stage at 
Red River Landing, the average slope through this section of the river must: 
be constant, both the fall and the length remaining the same. Small local or 
temporary changes of slope occur, but these changes tend to re-adjust them- 
selves since the average slope cannot change. It seems improbable that a 
change in capacity could have resulted from a change in the value of C, the 
roughness factor. Except for the negligible increase in roughness, which no 
doubt occurred as a result of the construction of wharves and other works of 
Man, no reason is apparent to cause a permanent change of roughness in this 
section of the river, and so far as known, no one has ever suggested that one 
has taken place. Temporary changes of roughness, described by the author 


--. 
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as changes of “efficiency” however, do occur. The ‘writer believes that these 
changes are to a greater extent due to changes in roughness than to deposits 
of silt, since the silt load of the river is insufficient to cause enough deposit 
to produce the decreases in “efficiency” as rapidly as they occur. It is prob- 
able that the change of roughness is due to the formation and obliteration of 
‘sand waves, which can take place in a short time. These changes of rough- 
ness, however, are temporary and tend to equalize over a period of years. A 
large part of the space between the upper and lower dotted lines in Fig. 3, 
and some of the variation of the average line, is no doubt due to this cause, 
although inaccuracies of measurement also form a part of this difference. 

It is possible that a decrease in discharge capacity could occur as a 
result of a change in R without any change in A. This could result from a 
material widening and shallowing of the river without a change in area. 
With levees close to the banks, as they are in this stretch of the river, how- 
‘ever, no such change could escape notice, as it would endanger many miles 
of levee. Although a minor change in width may have occurred, since no 
general widening has taken place, it seems safe to conclude that no appreci- 
able deterioration has resulted from a change of the hydraulic radius except 
as it may have occurred as a result of a decrease in the channel area. Since 
the other possibilities seem to be eliminated, it is very probable that any 
deterioration that has occurred in the channel capacity below Red River 
Landing has been caused by the deposit of silt in the river bed, causing a 
decrease in the area, A, and a corresponding decrease in the hydraulic 
radius, R. 

The stage-discharge curves of Fig. 4 indicate that the increase in stage 
is different for each discharge. This shows that the amount of the filling 
of the bed cannot be determined by taking the difference in the stages at the 
ends of the period for any given discharge since the result obtained would 
depend upon the discharge selected. It should be possible, from the dimen- 
sions of the channel, and the slope at the beginning of the period, to compute 
the amount of the filling (assuming it to be distributed in proportion to the 
distance from the Gulf) which would cause the deterioration indicated, but 
it cannot be determined from the stage differences alone. 

The third contention—that no material deterioration has occurred above 
Old River—seems well established, since it is supported not only by the dis- 
charge measurements but also by the measurement of great numbers of cross- 
sections, which show a small increase in area. Because of the variation that 
“may occur at any one cross-section in the river (due to the passage of a sand 
wave or from a number of other causes) reasoning regarding the action of the 
river bed based upon a few measurements at one cross-section, or in a stretch 
of river, while useful as evidence, is not very conclusive. For this reason too 
much weight should not be given the data presented by the author showing 
the loss of cross-section at Red River Landing during the high waters of 1929 
and 1932; nor to the measurements of the areas at the two ends of the 
Pointe a la Hache diversion. However, when arguments are based upon 
hundreds of cross-section measurements seattered over a stretch of river 
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and, to a lesser extent, on many measurements at a given locality spread overr 
a long period of time, they should carry considerable weight. 

The fourth contention (that the deposit below Old River was caused by the > 
diversion of water from the Mississippi at all stages through Old River, ini 
conformity with the hypothesis of Guglielmini), is likely to provoke consid- - 
erable discussion. Probably no engineering controversy has continued so) 
long and resulted so inconclusively as ‘that dealing with the Guglielmini i 
hypothesis and its application to the Mississippi River. As early as 1816) 
this hypothesis was used as an argument against spillways for flood control. . 
It was strenuously combatted by Humphreys and Abbot, as a result of their: 
studies, and strongly supported by Eads, who applied it with great success to) 
the deepening of the South Pass at the mouth of the Mississippi by jetties ; 
in the years 1875 to 1879. Largely as a result of this success, the hypothesis : 
was adopted by the Mississippi River Commission as a basic principle; but as; 
a practical means of flood control it proved nearly a complete failure. Never- - 
theless, it exerted a strong influence on the policy of the Mississippi River ' 
Commission until the 1927 flood and was a considerable obstacle in the path | 
of flood control by spillways until it was forced into the background by the: 
strength of the sentiment for spillways which developed as a result of that; 
flood. With the author’s paper it has come to the fore again. It is greatly ' 
to be hoped that the truth or fallacy and the bearing of it may be estab- - 
lished, as the uncertainty has been a serious obstacle in the way of establishing : 
a sound flood-control policy for this great river. 

Personally, the writer is now inclined to accept the Guglielmini hypothesis, , 
although at one time he was very skeptical of it because of the difficulty 
(which has since been removed) of reconciling the apparently conflicting : 
evidence when applying it to the Mississippi River. Of course, the wording ' 
of the Seventeenth Century does not fit in with the modern more exact con- 
ceptions, but it should be remembered that no such accurate conceptions | 
existed at that time. Moreover, part of the inexact expression may have been | 
caused by inapt translation. Perhaps the greatest argument against the | 
hypothesis, as far as the Mississippi River is concerned, is its apparent failure | 
when applied by the Mississippi River Commission ‘to flood protection. By 
plotting a mean relation of the silt load carried by the Mississippi and 
applying this relation to the discharge of past floods as they would have 
occurred had no levees been built, and again to these same floods under con- 
ditions of confinement actually produced by levees, it can be shown that the 
small enlargement which has taken place in the river is all that the Gugliel- 
mini hypothesis would indicate. 

The error of the members of the original Mississippi River Commis- 
sion, therefore, was not in believing in the Guglielmini hypothesis, but in 
not using the data available to them and applying the hypothesis quantita- 
tively to their problem. It is believed that an application of the foregoing 
method to the conditions in the relatively short stretch at the mouth of the 
river covered by jetties (where the action went on for 365 days per yr) would 
show that it should succeed in that case when it failed in the case of flood 
eontrol. A similar application to the reduction of flow in the Mississippi 
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below Red River Landing, due to the greater discharge down the Atchafalaya, 
would throw valuable light on the action of the river in that stretch. 
_ Another argument against the Guglielmini hypothesis is that used by 


Humphreys and Abbot based on the fact that they found no exact relation 
25 between the discharge and the silt load of the river. Recent studies” have 
_ shown why this is not necessarily a disproof of the theory. The writer believes 
that when applied quantitatively, with due regard to the time element 


\ 


involved, the Guglielmini hypothesis will be found to be a sound general rela- 


tion as far as it goes, although of course many other factors may enter to 


4 


“prevent its working out in special cases. The hypothesis is incomplete, in 


that it does not consider the variation of the solids load as a factor, and to 
make accurate prediction this factor also must be added. 


Independent, however, of the soundness of the Guglielmini hypothesis, 
if silting is progressing below Red River Landing and not. above that 


point, it is logical to expect the cause of this silting to be something operat- 
ing below that point and not above it. One of the strong arguments in favor 
oi the applicability of the Guglielmini hypothesis to this case would seem to 


VAY 


be the difficulty of explaining the apparent decrease of capacity below Old 


- River without utilizing it. 


Diversion through Old River, however, is not the only phenomenon that 
might cause the deposition below that point, according to the hypothesis of 


- Guglielmini. Before the removal of the raft from the Atchafalaya River, 
~ probably the greater part of the flow of the Red River reached the Mississippi; 
~ now only a very small part of it reaches the river. This diversion to the 
_ Atchafalaya of the greater part of the flow of the Red River may have a 


greater effect on the Mississippi channel below Red River Landing than the 


- flow that passes out of the Mississippi through Old River. Judging from 


the size of the trees said to be growing around these rafts and the damage that 


‘i followed the removal of the raft, it is reasonable to suppose that the flow 
- down the Atchafalaya had been small for many years, and, therefore, that the 


greater part of the Red River flow had passed down the Mississippi. In a long 
period of time the Mississippi would have adjusted itself to this flow and 


when it was practically discontinued as a result of the enlargement of the 
Atchafalaya, the effect would be much the same as if that quantity of water 


~ had been abstracted from the Mississippi through Old River. In considering 


the action of the Guglielmini hypothesis on the Mississippi below Red River 
Landing, therefore, it is necessary to consider not only the actual diversion 
of water from the river through Old River, but also the diversion of that 
part of the Red River flow which formerly entered the Mississippi, but now 
passes down the Atchafalaya. In this problem the character of the solids 
load of the Red River is a factor and would have to be considered to arrive 
at accurate quantitative results. 

A silting up of the river might take place during a series of dry years, 
but this would be expected to occur along the length of the stream not just 
in one part. However, the bottom of the river in the section below Old 


1° Hngineering News-Record, Vol. 115, October 17, 1935, p. 538. 
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River is considerably below sea level and the flow section there would not 
decrease with decreased flow as rapidly as in sections of the river farther 
up stream. This would give rise to relatively lower velocities below Old River 
in low-flow periods, and hence more tendency to silt. Whatever the cause of 
the decreasing capacity, it seems to have been acting fairly continuously 
throughout the past fifty years, and if it is due to a long-continued drought 
it would be necessary to have longer rainfall records than are available to 
prove it. Some light might be cast on this question by tree-ring studies 
if they covered the entire drainage area of the river. 

The author’s proof of his fifth contention, that the slope of the Atchafalaya 
River has decreased in agreement with the Guglielmini hypothesis, is not 
very complete. He has shown that the Atchafalaya has enlarged materially 
in cross-section, that the bank elevations along the stream have become higher, 
and he has given data tending to prove that a discharge of 300 000 cu ft per sec 
occurred at substantially the same stage from 1890 to date. Since the area 
was increased and the discharge remained the same, the velocity has been 
reduced, and he concluded, therefore, that the slope had been reduced enough 
to cause this decreased velocity. As previously stated, the general discharge 
relation is V = C A R™ S". If V remains the same, the increase in area 
(and presumably the consequent increase in R) can be offset by a decrease 
in either, or both, C or S. Although it seems improbable that the value of C 
has changed in the Mississippi it is by no means improbable in a river 
scouring as actively as the Atchafalaya was during the period under consid- 
eration. The irregular cutting of the banks and bed which occurred under 
such circumstances might easily cause an increase in roughness. The great 
turbulence of the river is very noticeable at high flows, and the computed 
roughness factors show considerably higher values than an ordinary river 
channel. 

The upper section of the Atchafalaya River has a comparatively steep 
slope and the lower section, which is composed largely of shallow lakes, has 
a very flat slope. The material scoured from the upper end as the river 
enlarged, and a considerable part of the silt load brought into the upper end 
of the river, has been deposited in the upper end of the shallow lakes and has 
formed a delta. This condition has caused a rise in the water level at this 
point and, to this extent, a decrease in the slope of the Atchafalaya. The rise 
in level has been strikingly shown by the tendency of the water about 1926 to 
flow to the Mississippi through the Plaquemine Lock, whereas, formerly, it” 
always tended to flow in the opposite direction. It is probable, therefore, that 
there is some decrease in slope of the upper end of the Atchafalaya, due to its 
tendency to form a delta at the head of the lakes; but it seems doubtful 
whether this would be enough to offset the increase in both area and hydraulic 
radius which occurred as a result of the enlargement of the river bed. The 
late John Augustus Ockerson, Past-President, Am. Soc. ©. E., has shown” - 
that the enlargement of the river was due largely to the concentration of 
velocities that occurred as a result of the steep slopes where the water spread 


2» Transactions, Am. Soc. C. E., Vol. LVIII (1907), p. 1. 
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out at the end of the leveed section of the river, and the progressive moving 
down of this high-velocity section as the levees were extended. It is probable 
that the decrease of slope which offsets the increased area is due largely to the 
extension of the confinement of the river by levees, which occurred during 
the period of river enlargement. Immediately preceding Table 11 the author 
states that the increase in gauge height at Melville between 1892 and 1907 is 
due to levee confinement. An increase of stage at Melville, the level at the 

upper end of the river remaining the same, would result in a flatter slope. 

On the whole the author has presented a strong argument to support the 
contention that the discharge capacity of the Mississippi below Old River 
is decreasing. Asa result of his studies of Mississippi River hydraulics, how- 
ever, the writer has learned that different, apparently equally good, lines 
of proof sometimes lead to directly opposite conclusions and, therefore, every 
available method should be used before a final conclusion is formed. It would 
seem that the best way to prove or to disprove a contention that the stretch 
of the Mississippi below Old River had been filling would be to make another 
cross-section survey similar to that made from 1898 to 1898. The writer 
could find no published record of such a survey since that date. This method 
and any other possible method of indicating the deterioration, should be 
investigated so that its existence can be established or disproved as conclu- 
sively as possible. Other possible investigations that might throw light on 
this subject are a study of the frequency of the various stages below Old 
River throughout the period of record and a comparison of the area below a 
certain datum in the cross-sections shown by the discharge measurements 
at Red River Landing. A comparison of stage relations below Red River 
Landing, however, would probably not indicate the deterioration as the stages 
at all points are likely to be changed proportionally. In this section of the 
river, also, a comparison of low-water stages would not indicate deterioration 
because of the great depth of the water, even at the lowest flows. 

Assuming that the deterioration is proved conclusively, it would seem 
that serious thought should be given to Mr. Eads’ proposal to place a dam 
across the upper end of the Atchafalaya and force the ordinary flow of the 
Red River down the Mississippi. The dam should be provided with gates 
which could be opened during floods to make available the discharge capacity 
of the river. A lock would have to be provided at this dam, and perhaps 
another lock and dam farther down stream would be required to take care 
of navigation. 

If the deterioration is due to the working out of the Guglielmini hypoth- 
esis, any increase in the diversion down the Atchafalaya River at low or 
medium flows would increase the rate of deterioration and thus offset a part, 
or all, of the benefit from the increased diversion. Of course, it would be 
possible to increase the Atchafalaya capacity fast enough to keep ahead of 
the deterioration, but in the present state of the knowledge of such action 
it would be a race with an uncertain outcome. . 

The Guglielmini hypothesis has been used so often as an argument against 
flood control by spillways that an argument for the hypothesis might errone- 
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ously be considered to be an argument against spillways. The writer believes 
that much of the argument against flood-relief spillways based on the Gugliel- 
mini hypothesis has not considered the entire situation. When the first 
flood-control works were built on the Mississippi, the river had carved for 
itself a channel of a size which was a result of the action of a great variety 
of conditions in the past decades and probably did not change materially 
over a period of years. The construction of levees tended to confine the water 
’ and has caused an enlargement of the river channel. This enlargement is so 
much smaller than the proponents of the confinement theory expected that 
it has not been seriously considered, but it is all that the theory indicates 
should take place. A flood-relief spillway will cause some deposit in the 
river down stream from it, but here, again, the amount will probably be much 
smaller than the opponents of spillways anticipate. Since these spillways 
will operate only for short periods with considerable intervals between (during 
which time the channel will often carry increased flows due to the confine- 
ment by the levees of all the floods which do not bring the spillways into 
action) it is probable that the increased scouring caused by the levees will 
take care of the deposit caused by the spillway. Of course, the river below 
the spillway will not enlarge as rapidly as it would if no spillway was present, 
and the flow continued to be confined between levees; nor would it enlarge as 
fast as the river up stream from it, but there would probably not be a decrease 
in section. That the result would be a net enlargement is indicated by the 
increase in section area that has occurred in the river above Red River 
Landing in spite of the frequent occurrences of crevasses (which have the 
same effect as spillways). ; 

The three effects, enlargement due to confinement by levees, deposit below 
spillways due to diversion through them, and deposit due to constant diver- 
sion or subtraction of tributaries, can be considered to act largely inde- 
pendently of each other. Whether the river fills or enlarges depends on the 
relative magnitude of the effects. Above Old River the enlargement due to 
confinement has been greater than the deposit resulting from crevasses. 
Below Old River the effect of the diversion and subtraction of tributaries, 
plus the deposits caused by crevasses, seems to have been greater than the 
enlargement due to confinement. 

At present, it is not possible to give quantitative answers to what the 
effects of these various changes being made on the river will be, but with 


the rapid advance of knowledge of solids transportation in the last few years, © 


and with the collection of a reasonable amount of data on the characteristics 
of the bed and suspended load of the Mississippi and its principal tribu- 
taries, it should soon be possible to make definite quantitative predictions 
based on adequate data and sound reasoning. 
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Discussion 
By Messrs. R. E. BALLESTER, AND GERALD LACEY 


R. E. Batrester,” Esq. (by letter).”*—Table 1 of the paper shows a wide 
variation in values of C and n for Equation (1) applied to non-silting and 
non-scouring velocities. The formula proposed by the writer (Curve No. 10, 
in Fig. 1 and Table 1), namely, Vo = 1.01 d@“, in English units, has a lower 
exponent, n, than the other formulas. The writer wishes to present some 
additional data, that has confirmed its application to the channel sections in 
which it was observed (Rio Negro, Argentina). 

In a stretch of 10 km (6.2 miles) of the main channel of the irrigation 
system, of 2.00-m (6.6-ft) depth, 32.75-m (107.4-ft) bottom width, and 45 cu m 
per sec (1589 cu ft per sec) of discharge, it was observed in 1926 that the 
mean velocity was not sufficient to prevent silting and the formula, 
Vo = 1.01 d“ (English), or, in metric units, 
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was then graphically established”, taking this fact into consideration. 

The channel silted gradually and, in 1933, the writer advised that the 
velocity in the channel be increased by widening the notched fall openings at 
the end of a 10-km stretch, that was causing some back-water. The advice 
was followed in 1934 and in 1936, after two years, the silting action has disap- 
peared in the last 2 km (14 miles) of channel. The mean velocity arrived at 
is somewhat higher than would be necessary, because some scour has occurred 
along the bottom of the channel, the slopes being unaffected. The velociti s 
registered before and after the widening of the fall are shown in Fig. 8, 

Norp.—The paper by E. W. Lane, M. Am. Soc. C. E., was published in November, 
1935, Proceedings. Discussion on this paper has appeared in Proceedings, as follows: 


February, 1936, by R. C, Johnson, M. Am. ce. C. B.; and April, 1936, by Messrs. E. 8. 
Rigales. cy. Cc. Repvane CG. R. Pettis, Harry F. Blaney, and Sigurd Eliassen. 
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Republic. A 
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together with the Kennedy and Rio Negro formulas. If the Kennedy formula 
had been used, the writer is certain that the channel would have scoured 
seriously. 


1.6 


| 


e Mean Velocities in the Channel 
with Which Silting Took Place 

‘A Mean Velocities in the Channel 
after Widening of Notched Fall 


= 
> 


Depth, d, in Feet 
Depth, d, in Meters 


1.2 


da 1.64 1.97 2.30 262. 2.95 3.28 
Velocity, V,, in Feet per Second 
Fie. 8. 


The channel cross-section now shows a tendency to scour along the bottom 
and to assume a semi-elliptical form. The bed-width-depth ratio of 16 for 
this cross-section is too high for this particular location. In alluvial valleys 
the soil is far from homogeneous, and there are great changes in the quality 
of soil, which are difficult to establish from the general topographical survey 
that precedes the design and alignment of the channel. 

Regarding the composition of soil in the channel of the Rio Negro System, 
the data in Table 6 may be of interest for comparison with other channels. 


TABLE 6.—Anatysis or Sitt AND Bortom Som in THE Main CHANNEL OF THE 
Rio Necro System 


SrzvE ANALYSIS 


Sample Station, Clay 
No in kilo- Depth contents Percenta 
h ge Percentage Percenta; 
meters (percentage) retained on retained on pactingtl 
Sieve No. 100 | Sieve No. 200 | Sieve No. 200 

TNees 18 0.20 m below water 19.4 10.0 23.0 o* 
Od Di: 16 |0.20 m below water| 22.2 3.0 7.0 90.08 
Sie Mehta 12 Bottom of channel 4.6 14.2 A9.1 36.7 
AB ee ners ve 212.6 | Bottom of channel 2.0 37.7 38.0 24.2 


* Samples of silt deposited on the side slopes. 
+ Samples of soil forming the channel bed (not silt). 


Of course, there are many variables that combine to stabilize the shape of 
a channel and some of them do not depend on soil condition. In the 
Rio Negro System there are favorable conditions tending to minimize 
the troubles due to silting. Irrigation delivery is suspended in winter 
from the end of May to the middle of August (eighty days on the average), 
just when the river is in flood, carrying its heavier silt load. At the end of 
spring (November), there are some small floods, but the intakes are ordered 
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closed during the peak of the flood (not more than a day), because the trouble 
caused by delaying the delivery of water to the 130 000 acres in the System is 
less than would be caused by a continuous silting of the distribution system. 
Special conditions such as these, which are peculiar to each system, may 
explain the wide variation in the critical velocity formulas in Fig. 1 and 
Table 1 of the paper. 


GeraLp Lacey,” Ese. (by letter).“*—Congratulations are due the author 
on his very able discussion of the various theories of silt transport extant 
when his paper was prepared. Engineers in India will immediately be struck 
by the very different conditions obtaining in Colorado and the great alluvial 
plains of India. The problem of regime flow is, in general, much simpler in 
India than on the Colorado River. Kennedy postulated for his channels that 
they should be flowing in their own self-silted beds and within self-silted side 
slopes; effectively they were regarded as flowing in an unlimited alluvial 
plain of the same silt grade as that transported. Recently, the writer has 
developed, on the same lines, “a general theory of flow applicable to channels 
flowing uniformly in incoherent alluvium’. If a heavily charged channel is 
excavated in a medium other than the silt transported, or if the channel 
is afforded no opportunity of forming a reasonably thick boundary of the 
material transported, other factors will come into play. In certain circum- 
stances the problem may merge from Gilbert’s stream traction into flume 
traction™. 

In India canal cross-sections flowing within a boundary of silt deposit 
present an undeniable cup-shaped, curved, cross-section closely approximating 
a semi-ellipse. Professor Lane has quoted Kennedy’s observations that chan- 
nels carrying a heavy load had practically vertical sides and horizontal bot- 
toms. This condition is prevalent where the channels are in “cut” and the 
wetted perimeter is less than the discharge can demand, or both. All recent 
observations have shown that when the channel is in “fill” (that is, formed 
by artificially constructed embankment) and the wetted perimeter assigned 
is sufficiently large, the cross-section tends to become semi-elliptical. Engi- 
neering practice favors the excavation of channels with horizontal bottoms, 
and for this reason many large channels with bottoms of stiff clay, or material 
more tenacious than the silt transported, preserve their horizontal beds to 
gome extent. It may be easier for a limited depth of bed silt to slip and slide 
over a tenacious sub-stratum, than for the tenacious material to be picked 
up in the center. The difference between a scouring velocity and a silting 
velocity may be great. In certain embanked channels in India, with a bot- 
tom above ground level no attempt, from motives of economy, was made to 
raise the bed itself by “filling.” Tt was anticipated that the defect would be 
corrected in time by silt deposits. It is these channels that now present the 
characteristic semi-elliptical cross-section. The Kheri Branch of the Sarda 


21 Superintending Hngr., Irrig. Secretariat, Lucknow, U. P., India. 


21¢ Received by the Secretary February 20, 1936. 1 
2 “Wniform Flow in Alluvial Rivers and Canals’, by Gerald Lacey, Minutes of 
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Canal in its lower reaches was excavated in fine sand that was almost inco- 
herent. These reaches now present a curved cross-section in many instances 
of great regularity. 

Professor Lane draws attention to the fact that on the Imperial Valley 
canals the non-silting velocity is considerably greater than the writer’s 


formulas would indicate. The fine heavy silt charge demands a velocity of 


the same order as that demanded by a smaller charge of coarse silt in India. 
Equation (8) quoted by Professor Lane can apply only in the case of a 
regime charge. It was advanced by the writer as “a very rough qualitative 
formula for the diameter in inches of the predominant type of silt trans- 
ported” and was intended mainly to assist in computing the critical velocities 
of natural streams in sand, shingle, or boulders, rather than as a basis of 


2 
design. The silt factor is proportional to a and it is this ratio which is 


required before channels can be designed. Mere measurement: of the size 
of the particle without observations of the local velocity required to transport 
the charge is of little assistance. The silt charge in the Colorado River 
appears to be of great importance and abnormal as compared with conditions 
in India. The writer also feels that there are certain elements of flume trac- 
tion that cannot be entirely dissociated from channel behavior on some, at 
least, of the Colorado canals. In channels with flume traction there is no 
limit to the surcharge that can be forced down provided slope is available 
and the banks possess some tenacity. In rivers flowing in deep alluvium, 
the surcharge is thrown down, and the river moves to a flank and picks up a 
fresh charge which it sweeps forward. 

The remark by Professor Lane that the capacity of a stream to transport 
silt in suspension is probably proportional to its “turbulence” and to the 
energy expended, is illuminating. According to Gilbert the prime mode of 
transportation is saltation rather than, suspension, and the difference is 
important. With flume traction and a heavy surcharge the turbulence neces- 
sary to drive the boundary layer forward would also occasion an abnormal 
suspended charge. 

In the writer’s view “turbulence” is susceptible of definition, and the ratio, 


2 
for any grade of silt and irrespective of the charge, epitomizes “turbu- 


lence.” It is thus found that fine silt with a heavy surcharge may well 


2 
demand the same value of - as a coarse silt with a smaller charge in another 


locality. Again, the ratio, - is intimately connected with the energy concept. 


Professor Lane has given a comprehensive list of factors entering into 
channel behavior, but the writer feels that it is preferable to write them down 
as dimensioned variables. The Buckingham theory* summarizes very con- 
a et ee ee, yl a 


*“On Physically Similar Systems; Illustration of U i 

by 3B, Buckingham, Physical Review, Vol, IV, Series 2. pp. 3a5-B76. 19sa alee “Modei 
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yeniently modern practice in dimensional analysis. Briefly, the method 
consists of writing down all the known independent dimensioned variables, 
and determining dimensionless arguments therefrom. ‘These arguments are 
then correlated by ordinary statistical methods. Results obtained in such a 
manner have the merit of dimensional homogeneity. Mere dimensional homo- 
geneity, however, does not denote accuracy, and a poor degree of correlation 
may reveal that other important variables remain to be sought. 

If the number of independent variables is a, the number of dimensionless 
arguments is equal to a-3. Dealing with the independent variables historically, 
Chezy selected, effectively, four independent variables which left him with 
a-3 (equal to one) dimensionless arguments for which it remained only to 
ascertain the numerical value. Thus, i” = the Chezy number, in which, 

p 
in addition to the notation of the paper, i = energy gradient; R = hydraulic 
radius; V = mean velocity; and p = density of water. 

Experience showed that not only was the Chezy number a function of the 
roughness, but it was-also a function of R and possibly, as Kutter thought, of 8. 
An essential variable had been omitted. Attention is drawn to the manner in 


2 
which the ratio, i» enters the Chezy number, a number that must survive 


with the addition of other dimensionless arguments as knowledge increases. 
Osborne Reynolds added, as a fifth variable, the viscosity of water. This 
added another dimensionless argument, the classic Reynolds number; thus: 


PR) Ai ey PELE ARR E (20) 
(p V*) 4 


in which v is the kinematic viscosity of water, and RV is the dimensionless 
v 


Reynolds number. It will be observed that the acceleration due to gravity, 
g, does not enter as an independent variable in Osborne Reynolds’ relation. 
Osborne Reynolds’ experiments were carried out with pipes. The boundaries 
were rigid and the shape was a constant. 

In 1930, the writer suggested that the rugosity, or hydraulic roughness, 
of the regime alluvial stream bed was implicit in the slope and the hydraulic 
mean depth which they assumed. In open channels, g enters as an independent 
variable. With the addition of this sixth variable a third dimensionless 
argument is evolved. This is none other than the Froude number, and, 


eg -e. (ey (=y rk ag a Na (21) 
(p V’) v gk 


; ; TS 
Attention is again drawn to the manner in which the ratio, pi enters 


the Froude number. The silt factor is merely a simple proportion to the ratio, 


yp? " ‘ ie ; 
and, therefore, as long’ as dimensional analysis is used as an instrument 


’ 
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2 
in hydraulic analysis the ratio, - must persist as a fundamental element, 


and with it the silt factor, which more appropriately could have been termed 


; : f d L 
“turbulence.” In regime channels, “turbulence” with dimensions, 7 would 


‘ 2 
appear to be as real a factor as kinematic viscosity with dimensions, Fi (in 


which 7’ = time). 

The writer” has shown how these dimensioned arguments can be fitted 
to empirical relationships defined by him. Thus, substituting for the energy 
gradient in terms of the geometrical slope, density, and the acceleration due 


to gravity, 
SgR _ xn (24) () 1 eae) old tl (22) 
Vy? v gk 


2 
If the silt factor is treated as being proportional to = Equation (22) may 


be solved and will prove the basis of all the writer’s formulas other than those 
involving the discharge, thus leaving the silt factor in the ratio form, 
V « gi y—s Ri §3; and this relationship is true for any regime channel in 
incoherent alluvium whether fine sand, coarse sand, shingle, or boulders. 
The very low power of the kinematic viscosity should be noted and the com- 
plete disappearance of the “silt factor”, which is inherent in the dimensions 
assumed by the channel. 


The formula may be re-cast in the form, V « gi y—% Vz A/ RS, from which 


it follows if an equation of the Chezy type is required, V « gi y-t f—4 Ri S}. 
The Manning power of % becomes 3, and the rugosity coefficient, n, is 
replaced by f#. 

The introduction of the wetted perimeter, P, as a variable gives the solu- 


3 2\5 

tion, cas fea (=) (=) , from which P « Q}; and P «x V. All the most 

R v gk R 

recent work in India tends to confirm the expression, P « Q}, as fundamental. 
Since, by the writer’s Equation (5), P = 2.668 Q}: 


eid Uy Ea fe V oo apie tive ea ine eee 
and, dividing through by P R, 


P 
3 TD Vizstct, SOs ae oe ae 
a (24) 


This is the writer’s fundamental shape formula, and it is most unfortunate 
that so many of the data presented in the past are incomplete in respect 


of the wetted perimeter. Thus, a diagram showing P plotted against V 
R 


eer. -& 


aN 


= 


A 
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ey 


would be more illuminating than Professor Lane’s Fig. 2, in which he has 


~ used the diameter of the silt as a basis for deriving the shape from the writer’s 
_ formulas instead of the velocity. It is not clear from Professor Lane’s paper 


whether or not the writer’s shape formula is confirmed. The relation between 
the silt factor and the diameter clearly breaks down when there is a heavy 


- silt charge, the fine silt behaving in the same manner as coarse silt in a 


normal channel. The writer would be very grateful if Professor Lane would 


plot the ratio, ~ , against V for all the Colorado River data. 


Professor Lane states that the velocity along the bed should be sufficient 


~ to move all the material brought into the canal and yet not be so high as to 


cause the sub-grade of the canal to scour. He then goes on to state that 
the excess of velocity over that sufficient to move the transported material, 
which will attack the sub-grade, depends upon the material of the sub-grade. 
This concept clearly involves conditions approximating those of flume traction 
in which the transported material is pushed forward over a harder more 
coherent, and possibly coarser sub-grade. When these conditions obtain, a 
horizontal bed is readily understandable. The maximum allowable velocity 
along the banks depends not only upon their material but also largely upon 
the shape factor. The contours of equal velocity (“isovels”) plotted in Fig. 3, 
proceeding from a central nucleus of maximum velocity, show very clearly 
what a channel would choose to be, as opposed to what Man makes it. The 
suggestion of the semi-ellipse is plainly discernible and also the cramping 
warping effect of the vertical sides. With a tough sub-grade and a heavy sur- 
charge, nearly all the work on the perimeter is done on the bed and little on 
the sides. The bed would then be nearly horizontal and the sides vertical. 

Tf a channel is too narrow according to Equation (24) it will “kick” at 
the sides and this is the main reason for bank erosion. Furthermore, if 
the wetted perimeter is correct, but the bed as constructed is horizontal, the 
“velocity nucleus” of the isovel diagram will shift about. With a channel 
properly constructed to a gemi-elliptical trace the greatest velocity will be 
permanently located over the center of the channel. If a channel is con- 
structed in material similar to that of the silt transported, or is a natural 
channel flowing in its own alluvium (for example, any sandy river), the cen- 
tral velocity will hammer the bed and curve it. Nature has nothing to say 
to horizontal beds when a river is flowing in a true alluvial plain. 

The writer is of the opinion that a final solution of the problem of silt 
transport is to be found by investigation on the lines of dimensional analysis 
outlined by him. In India where the problem is simpler the writer’s solu- 
tion appears to fit a great mass of data. In the Colorado River, where the 
silt charge is excessive and there are many disturbing factors (notably 
the merging of stream traction into flume traction), practical design must 
depend largely on local conditions. The sub-grade as a factor is unknown in 
India, an unlimited bed of the same material as the silt transported being 
postulated. These are the conditions governing all great rivers in true 
alluvium. An examination of the Colorado Delta should prove interesting. 
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DISCUSSIONS 


TRUSS DEFLECTIONS: 
THE PANEL DEFLECTION METHOD : 


Discussion 
By MEssrs. A. W. FISCHER, AND L. E. GRINTER 


A. W. Fiscuer,” Esa. (by letter).”*—In this paper the author has added 
another method for calculating the deflections of a truss by the analytical 
method, which is stated to solve “the problem of truss deflections in a simpler 
and more direct manner than other analytical methods.” To the writer it 
seems that. there are several analytical methods for trusses of a certain type, 
that are as simple as that of the author, which is based upon set formulas. 
One solution which is very simple for computing the deflections of Warren 
trusses is the “method of elastic weights”; another is the “geometric method”; 
and still another (which is a very flexible method for solving the vertical and 
horizontal deflections of any shape truss) is the method of “relative 
deflections’. 

To determine the deflections of panel points in the author’s Example 1, 
for instance, relative to Member 5-6, assume the truss supported at Panel 
Points 6 and 5 instead of at the left and right ends, being hinged at Point 6 
and supported horizontally at Point 5. 

Table 12 gives the values of u for the members for unit vertical load at 
various panel points. This table is not absolutely necessary, in the method 
of relative deflections, but is presented for a better understanding of certain 
values given in Table 13. ; 

Using Example 1 and the elongations given by Mr. Shoemaker it is 
easy to enter the values as given in Table 18 from which the deflections 
can be computed. All the values given in Table 13 are readily determined 


Norn.—The paper by Louis H. Shoemaker, M. Am. Soc. C, E., was blished i 
November, 1935, Proceedings. Discussion on this paper has appeared in Procestinia ea 
follows: January. 1936. by Messrs. David B. Hall, and E. Mirabelli; February, 1936. by 
sR OeEER. eae rag oa and aeepert Pea ; March, 1936, by Messrs. A. A. Ere- 

n, T. P. Noe, Jr., Davi - Molitor, an enn L. Enke; il, = 
Tsai, Assoc. M. Am. Soc. C. B. pearing 
* Care, Pennsylvania Sugar Co., Philadelphia, Pa. 
7a Received by the Secretary March 11, 1936. 


7 “Stresses in Statically Indeterminate Structures”, by P feiss 
Univ., Wuchang, Hupeh, China, Second Hdition, 1935, ‘pp’ 13 to 30.0 N2tonal. Wuhan 
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TABLE 12.—Vanues or u* ror Unit Verticat Loap ar Panet Pomts 


RP orriben Unir Verticat Loap at Panen Point 
2 3 i 0 
Z ‘ 30 30 30 
Bee OPEN apa taila cfoya. he londyalave ee AP at = — se 
+3 X11 +35 X2 +35 x8 
=... aegick _ 46.8 __ 46.8 46.8 
3 GAR OR OE GORE REO s Sao eC aa a5 are 
= 30 30 
MEATS ie che (ae (sai oie ole, cleve.eyeys.0cere,e'e eta s —>z — = 
6 0) ieee 36 X 2 
34 0 yee = ol eee a 
Dat. 6S ASRS ABE cereal a5 oe 
: 30 30 
MeOH s sia ccleclsiececeterdescsae > 0 + 35-53 ee Si 35.52 x 2 
r 1 1 
Bi4...... SRSA Boa eee 0 Wess T ie ct 1.387 + 575] X 2 
30 
0-4..... Mer atavate cate srerstolore arate oes 0 0 aa as 
C 43 
4 DoS SG Binion ance ie PL ABODE 0 0 aie 
‘ e stresses in all members due to unit vertical loads at various panel points. 
* The st Nl bers due t al loads el 
TABLE 13.—Evauation of RELATIVE VERTICAL DEFLECTIONS OF PANEL Points 
eee ooo 
Y ag Aaa 8 
& 38 28 8 
3 Ba Ba Bg 
s = i . | 3s EE 34 
¥ 8 | rIe - va | cee 2 | 34 3.5 
E SP lreikosep on | elas hago] 6 | aoe a 
m8 | ‘ 
i pee g = | BESls B38 a | BE 
" s ga gam) | a8 
z ae xX ee XxX | ee 
3 (1) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 
e 35 Pit Aapacieet ohm) SORT ab ag Nye ac 6 | 2307.7 | 0.95 
|. Ie oath WE A 46.8 
3 9-6.) 181.0 | 2.5.66 | coe | cece 30) —184.0 | —184.0 | —170.3 —354.3 3 2013.4 10.81 
Z GUAPO TAA Eee acs |e cert ste -<ee STO Ay eats ce” | ne ae +144 —339.9 4 2 027.8 | 0.81 
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— Ww 
0-1 
. * + =the lever arm of Member m-n about its center of moments, expressed in feet. ; : 
{7 Gn= Zgmn includes the summation of all the gmn- values of all the members haying s moment center at Panel Point 2 
r 


a 
: gmn represents the quantity, 7eu™ for Member mn. 
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and once the method is mastered it is easy to calculate the vertical deflec- 
tions of a truss. Furthermore, the method of relative deflections may be 
readily applied to a truss bridge with inclined top and bottom chords and 
with-unequal panel lengths, p. 

The paper is based on analytical methods, but for solving the secondary 
stresses in a truss by the slope-deflection method or by distributing fixed-end 
moments, the relative vertical and horizontal deflections are only required 
for the value of A for each member, A being the displacement, at right 
angles to the axis of the member of one end with respect to the other end, 
and to get these values of A the analytical method is not as flexible as the 
simple Williot diagram. In the author’s closure it might be well for him 
to demonstrate the calculation of the horizontal deflections for his Example 1 
and then show how he would calculate the values of A (that is, the displace- 
ment at right angles to the axis of the member, of one end with respect to 
the other end) and compare the time against that required by using a Williot 
diagram. 

In conclusion, the writer will state that he sees no particular advantage in 
using the “panel deflection” method for the solution of certain types of 
trusses. There are certain other types in which the method is satisfactory, 
but as certain.set formulas must be available for use, it loses its simplicity 
against other analytical methods. 


L. E. Grinter,” Assoc. M. Am. Soc. C. E. (by letter).“*—The summation 
process of deflection computation has long been used in the study of truss 
deflections. The innovation proposed by Mr. Shoemaker is that the contribu- 
tions of the several panels, rather than the individual contributions of the 
separate members be added to obtain the deflection. However, since the effect 
of each panel must be evaluated by considering the individual changes in 
lengths of the separate members, it is evident that the amount of computations 
involved in the two procedures must be about the same. If the method pro- 


posed by the author seems simpler than the procedure of summing, directly, - 


the effects of the individual members, it is merely because the standard text- 
book treatment of the latter method (elastic or angle weights) is unnecessarily 
cumbersome. When the method of angle weights is reduced to its funda- 
mental conceptions, it will be found to be essentially the same as the method 
suggested by Mr. Shoemaker. 

_ There are two basic conceptions involved in the method of angle weights. 
First, the physical picture that deflection can be computed by summing the 
products. of angle changes and lever arms; and, second, the conjugate-beam 


~ 


conception which cares for the effect of dissymmetry. The author has consid-— 


ered only symmetrical structures with symmetrical loading; and, accordingly, 
he has neglected consideration of the conjugate beam. Hence, his procedure 
for determining the deflection of a symmetrical truss is to find the upward 
deflection of the end relative to a fixed center-vertical member or relative 
to a fixed central-chord member. One notices at once the similarity to the 


22Prof. of Structural Eng., Agri. and Mech. Coll. of Texas, College Station, Tex. 
2a Received by the Secretary April 10, 1936. 
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use of the Williot diagram for those cases in which the use of the Mohr 
rotation diagram can be avoided. 

When the author discusses the correspondence of his method with the 
method of computing beam deflections in the following passage, “to compute 
the deflection of a point of a beam of constant moment of inertia with refer- 
ence to a tangent to the elastic curve of that beam, the sum is taken of the 
products of the angular change of every vertical section multiplied by its 
distance from the point’, he is referring to relative and not to absolute 
deflections. If this method of computing relative deflections is to be used 
to compute the maximum deflection of a beam that is unsymmetrically loaded, 
the procedure illustrated by Fig. 22 becomes necessary. The deflection, Au, is 


obtained as the statical moment 


of the M -area from A to B 
JIE 


about the point, B, where the 
deflection, A:, exists. Then, the 
value of 6, is A, divided by JL, 
the span of the beam. The point 
of maximum deflection, or D, is 
located such that the area of the 


(b) DEFLECTED STRUCTURE 


M ; ‘ 
EI 7 diagram from A to D is Wig. 22.—COMPUTATION OF THE MAXIMUM 
DEFLECTION. 


equal to 6; Then, finally, the 
maximum deflection A:, is computed as As, the deflection of the beam at A 
from a tangent drawn to the elastic curve at D. 

The foregoing procedure, or a similar one, would be involved in the use 
of the author’s method for the study of an unsymmetrical truss. Evidently, 
the difficulties involved would make the use of the method of panel deflections 
rather cumbersome for such trusses. The study of dissymmetry by the use of 
elastic weights (which involves the conjugate beam) would be much more 
satisfactory. The Williot-Mohr diagram is also a convenient method of 
determining the deflection of an unsymmetrical structure. 

In the selection of a method for computing deflections, one should make a 
distinction between those methods that give a single deflection and those that 
give rise to the entire deflected load line. The author’s procedure belongs 
to the second classification along with the method of elastic weights and the 
Williot-Mohr diagram. Castigliano’s theorem and the method of virtual 
work give a single deflection for each separate computation. Hence, the 
determination of a single deflection or the calculation of a reaction (indeter- 
minate structure) for fixed loads follows more simply by the use of these tools. 
On the other hand, a method that develops the entire elastic curve (deflected 
load line) is more satisfactory for the determination of an influence line as 
the shape of the deflected load line. 

In summarizing, the writer feels that the panel-deflection method is an 
interesting and useful conception that in practice should be limited to the 
field of symmetry. It bears the same relation to the method of elastic weights 


= 
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that the moment-area method (statical moments of moment areas) bears 
to the conjugate-beam method. One should not lose sight of the fact that the 
deflections obtained are relative to a fixed tangent. The panel-deflection 
method belongs to the classification of methods that develop the entire elastic 
line. No known procedure can compete with the method of virtual work 
for the computation of a single truss deflection. The author has performed 
a service in calling this interesting procedure to the attention of engineers 


and educators. 


ay-- 
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Z DISCUSSIONS 

z SEDIMENTATION IN QUIESCENT AND 
ee TURBULENT BASINS 

e Discussion 


By Messrs. HARRY H. HATCH, HARRY H. MOSELEY, AND 
GEORGE J. SCHROEPFER 


Harry H. Haron,” M. Am. Soc. C. E. (by letter).°*—The author should’ be 
commended for his efforts to derive equations which will eliminate errors 
in the application of the Hazen formulas on sedimentation. Mr. Hazen 
applied the behavior of one particle size to an entire material in suspension. 
Obviously, this application can be justified only when the assumed value of ¢ 
can satisfy the existing conditions. 

In discussing Hazen’s paper, “On Sedimentation”, Robert Spurr Weston, 
M. Am. Soc. CO. E.,” states: 


“My. Hazen bases a large number of propositions on one value of ¢. It 
would be interesting to substitute other values of ¢,—for instance, infinity. 
In the latter case, ¢ would be a quantity vastly different from those men- 

' tioned in the paper.” 


Professor Slade has attempted to do this and more. 

4 It would be interesting to know the difference, if any, between “time of 
settling”, “time of sedimentation”, and “time of subsidence”, as used by the 
author. If they all mean the same, it would have been better for the sake of 
clearness to use only one of the expressions throughout the paper. 

The plotting on logarithmic scale of observed data for Curve (2), Set 2, 
Fig. 8, did not result in a simple equation satisfying all the points. Had 
there been numerous observational data on the same material in suspension, 
an average condition could have been assumed and expressed easily. If it is 
absolutely essential to fit a curve that will pass through every observation 
point (or reasonably so), the graph on the logarithmic scale could be broken 
up into sections, and a simple equation for each section within the limits could 
be expressed. However, a logarithmic-probability scale plotting of the data 
of Curve (2), Set 2, Fig. 8, resulted in a flat and smooth curve passing prac- 


Norr.—The paper by J. J. Slade, Jr., Hsq., was published in December, 1935, 
Proceedings. Discussion on this paper has appeared in Proceedings, as follows: February, 
1936, by Thomas R. Camp, M. Am. Soe. C. BH. 

10Hngr. in Chg., Cobble Mountain Reservoir, Springfield Water-Works, Springfield, 

, Mass. 
10a Received by the Secretary February 4, 1936. 
11 Transactions, Am. Soc. C. B., Vol. LIII (1904), p. 77. 
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tically through all the observation values. The experimental value of 48% 
sludge in suspension at the end of 10 min, falls well on this curve; for which 


- 


point the author had computed a percentage of 39.6 (see Table 1(b)), or a. 


variation of 174% from the observed value. 

With respect to Fig. 9, the author states: 

“% * * the distribution function cannot be found from the curve for 
turbulent sedimentation, so that wherever the writer has applied the general 
formula, Equation (31), it has been a matter of mere curve fitting,’ 

He then begins with the formidable Equation (31) and reduces it “simply” 
to Equation (35), which is no less formidable; and then assumes certain 
unknown values and “by trial and error, or by any other method of curve 
fitting”, arrives at Equation (36), which is cumbersome and far from being 
simple for practical work. The author further states, 

“In a way, of course, this curve-fitting procedure furnishes a means of 
determining the distribution function (the B-values), but since the distribu- 
tion function is not what one usually wants, no importance should be attached 
to'it.? 

The question, therefore, is why do all that work? 

The following equation was readily obtained by the writer from logarithmic 

plotting of the observation data given in Fig. 9: 


66 


y =O this int te (46) 


{?- 156 


in which Y = turbidity in parts per million, and ¢ = time, in hours. Equa- 
tion (46) will be near enough for all practical purposes. Its graph will vary 
slightly from that of Fig. 9 for values of ¢ greater than 4 hr. There is no real 
justification, or no real objection to the path of the curve on Fig. 9 beyond 
the fourth hour, where it appears that turbidity does not decrease below 
52 ppm, for practical purposes. 

The writer really fails to discern any particular advantage of all the work 


’ done by the author to obtain Equation (36), when a simple equation answer- | 


ing the purpose could be obtained readily. Y 

The settling time of a particle, practically speaking, depends on its velocity, 
and the velocity, in turn, depends upon the size of the particle. For the same 
sample material the sedimentation and gradation curves bear a definite rela- 
tion. In fact, each depends on the other and one could be obtained from the 
other. No satisfactory general formula has been obtained for the distribution 
of particle sizes represented by a gradation curve, because of the complex 
nature of the material. It has been found more practical to make the neces- 
sary number of tests and plot their graphs. These test results are usually 
plotted on natural, semi-logarithmie, or logarithmic-probability scales. Often 
an error in observation can be detected in the plotted graph. Logarithmic- 
probability scale plottings result in a flatter curve and are better for the 
purpose. 

It appears that, practically in all cases, without actual test runs, certain 
terms or factors of the equations proposed by the author can not be obtained. 
The author states the necessity of determining numerous constants experi- 


—- 
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entally before making any practical application of the theories developed in 
the paper. The characteristics of material in suspension are so complex that 
general application of any set of constants is questionable. To this uncer- 
tainty must be added the tedious work involved and probability of errors in 
solving complicated equations. The writer questions whether direct tests or 
simpler methods, similar to gradation curves, would not be more practical in 
every respect. However, the paper affords a good exercise in mathematics and 
Equation (27) is an improvement over Equation (24), Hazen’s second formula. 


Harry H. Mossrzy,” Assoc. M. Am. Soo. OC. E. (by letter).2*—Much has 
been written about the design of sedimentation tanks, but the correct design 
still remains an open question. Professor Slade’s paper presents a mathe- 
‘matical approach to this problem. He has attempted to establish a relation 
between the settling of similar solids in a quiescent basin and in a turbulent 
‘basin. He has developed a theory which is dependent upon a group of con- 
‘Stants and suggests three sets of constants that effect the solution of his 
formulas: “(1) Those which represent the characteristics of the sediment; 
(2) those which represent the characteristics of the settling basin; and (3) 
those which depend on both the character of the sediment and the degree 
‘of agitation of the fluid.” 

Much experimentation and work has been done and many data have 
been collected on the constants pertaining to the characteristics of the sedi- 
ment. The point, it seems, may be raised regarding the density of the solids 
in the liquid. Was it the author’s intention to include this in the character- 
‘istics of the sediment and thus affect the first constant by a certain degree? 
There is a large store of data available for the second set of constants. Any 
‘settling tank is a potential source. The information desired probably should 
‘include: The type of tank inlet and tank outlet; the length and the width 
of tanks; the depth or length-depth ratio; the type of sediment-removal equip- 
‘ment; the type of operation of removal equipment; the baffling linear velocity 
‘and direction of flow of liquid (average and bottom if possible); the direc- 
tion of flow; the characteristics of solids in the liquid; and the results obtained 
by the tank. It is appreciated that many of these data may seem to be super- 
fluous, but they all have a bearing on the results obtained from a basin. In 
‘many respects, the third set of constants, may be absorbed by the first two 
‘sets. However, in the design of grit chambers, or like structures, this set of 
constants would have an effect on the solution of the problem. 

Much of the information pertaining to settling tanks in sewage treatment 
works has been obtained by the use of the Imhoff cone. Under which classifi- 
cation would the author place these data? Would it be quiescent, the same as 
‘a vertical cylinder, incomplete turbulence, or complete turbulence? These 
available data in many cases will have to be used in the determination of the 
‘second set of constants. 

At the end of his paragraph discussing “Stratification of Sediment” Pro- 
fessor Slade states that “at a depth greater than vm a [see Fig. 6], the density 
: 12 Asst. Engr., George B. Gascoigne, M. Am. Soe. C. E., Cons. San. Engr., Cleveland, 


Ohio. 
12a Received by the Secretary February 19, 1936. 
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will be what it was throughout the basin originally.” This statement is base 
on the fact that the sediment in the basin has variable hydraulic subsidence 
values ranging from vm to vy. With a sediment of constant hydraulic suh 
sidence characteristics it is possible after time, a, to have that part of t 
basin below avm or a@vu (4Um = @ Vu when the hydraulic sibsidence charaa 
teristics are constant) of the same density as the original, throughout t 
basin. Theoretically, all particles of the same hydraulic subsidence character 
istics are subsiding at the same rate; hence the absence of any flocculati 
action of the sediment. However, in a basin filled with sediment of variabh 
hydraulic subsidence characteristics there is a flocculating action or t 
natural combination of suspended particles into larger aggregates. Thee 
larger aggregates also have hydraulic subsiding characteristics which ar. 
greater than the original particles and, consequently, settle more rapidly 
Therefore, as soon as settling is started in this basin a portion of the liqui. 
will have a density of suspended solids greater than that throughout t 
basin originally. 

This flocculating action, of course, increases as the density of the sua 
pended solids increases, even though the hydraulic subsidence. characteristic 
of the original suspended solids in each case are the same before the settlin 
starts, because there is a greater possibility of the suspended solids combinin 
with each other as they start settling, thereby making larger aggregates. Fo 
example, a settling tank having a detention period of 1.5 hr will remo 
roughly 60% of the suspended solids from a raw sewage of 400 ppm, wherea: 
it will remove approximately 45% from one containing only 100 ppm. It i 
true that in the raw sewage of 400 ppm, some of the solids will have grea: 
hydraulic subsidence characteristics than in the one of 100 ppm; yet it i 
very doubtful whether this increase in hydraulic subsidence characteristic: 
of some of the suspended solids is great enough to account for an increase of 
one-third in the efficiency of the tank. This increase can be acccunted fo 
better by the flocculating action of the suspended solids in the tank. It seem 
that the statement made at the end of the paragraph on “Stratification o 
Sediment”, previously referred to, is true mathematically, but due to thi 
flocculating action of the solids, the actual approaches it only as a limit. 

The two examples presented by the author based on his interpretatio: 
of the original data substantiate his theory in a marked degree. However, i 
will require agreement in many actual field tests to prove his theory fully 
It is hoped that Professor Slade’s paper will further stimulate research i 
the field of sedimentation. 


Grorcr J. Scororprer,” Jun. Am. Soo. C. E. (by letter).**7—An admirabl 
attempt to set up, by means of equations and formulas, some of the factor 
affecting sedimentation of solids, is contained in this paper. In view of th 
importance of sedimentation in water purification and sewage treatment, an 
in the separation and classification of ores and chemicals, all investigation 
that contribute to the fund of knowledge on this subject are distinctly to b 
appreciated. 


18 Asst. Chf. Engr., Minneapolis-St. Paul San. Dist., St. Paul, Mi 
18a Received by the Secretary March 30, 1936. - Bia 
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es Although this discussion will be limited to the sedimentation of sewage 
‘solids, many of the principles of sewage sedimentation to which reference 
will be made, are equally applicable to the theory of sedimentation in general. 
‘The writer is inclined to favor the evaluation and determination of various 
engineering phenomena by means of formulas, but in the case of sedimenta- 
tion, especially of sewage solids, the large number of influencing factors 
makes such a method of attack questionable when applied to an actual and 
‘practical situation. 

Several times in the course of the paper the author makes reference to 
the application of his theory to sedimentation of sewage solids. Sewage is an 
extremely variable material, changing in quantity and quality, and in vari- 
ous characteristics which affect its settleability hourly, daily, and seasonally. 
The results of the application of a purely theoretical basis of analysis to a 
particular sewage under certain fixed or assumed conditions is valueless and 
- even misleading when considered in terms of a varying material under vary- 
ing external influences. A certain degree of control can be exercised over 
“some of the variables, but in case of others it is necessary to accept the 
material as it exists, amenable to sedimentation, or otherwise. 

_ In considering sewage sedimentation, the writer groups the various influ- 
-encing factors under four headings, as affected by: (a) Characteristics of 
the liquid; (b) characteristics of the solids; (c) characteristics of the design; 
and, (d) miscellaneous effects. 
; (a).—The principal characteristics of the liquid which affect the settle- 
“ability of solids are its specific gravity and viscosity. Of the two, it can be 
demonstrated that viscosity is the more important factor. With a liquid, 
f such as water, the fluid characteristics, therefore, are closely affected by 
4 temperature. From a study of monthly average results at two large plants 
the writer has found a close correlation between the reduction accomplished 
and the sewage temperature. The reduction in suspended solids at the two 
= plants closely approximates a 0.65% increase in reduction per degree Fahren- 
_heit of temperature change; and in reduction of bio-chemical oxygen demand, 
0.50% for every degree of temperature change. These results closely approxi- 
mate those expected from purely theoretical considerations. 
(b).—Under characteristics of the solids can be included such factors as 
size, shape, specific gravity, concentration of particles, natural flocculation, 
and artificial coagulation and coalescense. Sewage contains particles varying 
largely in size, shape, and specific gravity. In specific gravity alone particles 
vary from less then 1.0 to 2.65, or more. As an example of the importance of 
this factor as affecting a purely theoretical consideration, the hydraulic sub- 
siding value of a particle 0.50 mm in size and having a specific gravity of 
1.1, is 3.8 mm per sec; and 53.00 mm per sec for a particle of the same size 
having a specific gravity of 2.65. 
| Concentration of particles also plays an important part in the sedimenta- 
tion of sewage solids, as evidenced by the fact that a study of the data col- : 
lected on the effect of this factor indicates that, for a given detention period, 
a sewage containing 200 ppm of suspended solids will have its solids removal 
increased approximately 80% when compared with the sewage containing 


ae 
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50 ppm of suspended solids. Flocculation, coagulation, and coalescence exert 
a variable effect depending upon local conditions. 

(c).—Under characteristics of the design can be included such factors as 
detention period, linear velocity of flow, depth and ratio of length and depth,i 
inlet and outlet effects, shape of tank, baffling, and mechanism effects. 

The first factor mentioned—namely, detention period—plays a very 
important part in the removal effected by a settling tank. The writer has| 
collected data from more than forty settling-tank installations throughout 
the United States, which data, for those who desire to express the results of 
sedimentation data in the form of a equation, can be stated in the following 
formula: 


Ba Beal ee 
t + C3 

in which R is the normal expectancy, in percentage removal of suspended 
solids; ¢ is the detention period, in hours; and C1, C2, and Cs, are coefficients 
depending on the characteristics of the sewage and of the settling tanks under 
the particular conditions existing at that time. In view of the importance 
of the detention period provided, considerable thought should be given this 
factor in order to be assured that the desired period of detention is actu- 
ally secured. Sewage treatment plants investigated indicate that the 
actual flowing-through time in the tanks may be as low as 10% of the theoreti- 
cal detention period. This would indicate that, in some plants, a considerable 
expenditure of funds is, in effect, wasted by reason of inefficient design. 

With respect to linear velocity of flow, a considerable variation in thought | 
exists as to the desirable maximum velocities beyond which it is not advisable > 
to go. Although this variation ranges from 4 to 59 mm per sec, the writer is; 
inclined to believe that the linear velocity of flow for average flow conditions ; 
should preferably be not more than 2 ft per min (approximately 10 mm per’ 
sec), depending, however, on influencing conditions and requirements. 

Inlet and outlet effects play a very important part in the length of tank ; 
actually effective for settling purposes and, in view of their importance, should | 
be given considerable thought in design. 

(d).—Under miscellaneous effects might be included such factors as cur- | 
rents caused by wind, eddies, and difference in temperature and biological 
activities. At one plant investigated the writer observed that with a wind 
velocity estimated at 25 miles per hr the velocity of the surface sewage in 
the 90-ft square tank was observed to be such as to cover the distance to the 
outlet in 2 min. The theoretical detention period in the tank was 1.5 hr. 
Methods effective in reducing this action consist of baffling, provision 
of free-boards, and the limitation of the size of tanks. When air and 
sewage temperatures are materially different, short-circuiting, mixing, 
and stratification may result. 

Realizing the value of such investigations as the author reports, the 
- writer has attempted to point out some of the factors which affect the evalua- 
tion of sedimentation data, but which, in the case of sewage solids subsidence, 
at least, are likely to make the methods of determination suggested by the 
author uncertain and possibly even plese. 4 
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SUCCESSIVE ELIMINATION OF UNKNOWNS IN 
= ade ol O@PE DERLECTION METHOD 


Discussion 


By MEssrs. FANG-YIN TSAI, A. FLORIS, A. W. FISCHER, 
AND L. E. GRINTER 


Fano-Yin Tsar” Assoc. M. Am. Soo. C. E. (by letter).“*—By a simple 
process the method presented by Professor Wilbur can be adjusted to apply 
to the case of continuous structures with variable moments of inertia. 
Slope-deflection equations for the case of variable moments of inertia 
have been presented by L. T. Evans”, Jun. Am. Soc. C. E., and also by the 
“writer”, both results being almost identical. These equations involve certain 
coefficients known as angle changes which express the effect of variable moment 
of inertia, and the forms of these equations are rather cumbersome, and, 
therefore, inconvenient for use in this method. The writer has deduced the 
- following equations, using the various constants of the method of moment 


_ distribution developed by Hardy Cross”, M. Am. Soe. C. E.: 
Mav == Sa [6a + Gray Op Ga er + Cawdidel + Miko eesce oon 


and, 


Mia = Sv [60 + Coa 0a — (1 + Coa) BR] = Mrv.....---. (29) 


in which Cop and Ova are factors to carry over the moment applied at 
Ends a and 3, respectively, to the other ends, b and a, which are assumed 
- fixed; Sq and S> are stiffness factors when a unit moment is applied at the 
designated end with the other end fixed; and Mra and My» are fixed-end 


Norn.—The paper by John_B. Wilbur, Assoc. M. Am. Soe. C. E., was published in 
December, 1935, Proceedings. Discussion on this paper has appeared in Proceedings, as 
follows: March, 1936, by Messrs. C. A. Willson, Paul Andersen, and R. W. Stewart; and 
April, 1936, by Adolphus Mitchell, Jun. Am. Soe. C. H. 
< 17 Prof. of Structural Eng., Dept. of Civ. Eng., National Tsing Hua Univ., Peiping, 

China. 
l7a Received by the Secretary March 17, 1936. 
18 “The Modified Slope-Deflection Equations”, by L. T. Evans, Journal, Am. Concrete 
Inst., October, 1931, p. 109 : Sergei es ee i ‘ 
19 « = i Equations for the Analysis 0 igi rames wi arying Momen 
= of Feira vin Tsai, The Science Repts., National Tsing Hua Univ., Peiping, 
China. Series A, Vol. II, p. 75, July, 1933. 
2» “Analysis of Continuous Frames by Distributing Fixed-Hnd Moments’’, by Hardy 
Cross, Transactions, Am. Soc. C. B., Vol. 96 (1932), p. 1. 
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moments at the designated ends, due to loading, with both ends fixed. Fov 
a member of which the moment of inertia varies symmetrically with respect 


to its center line: 


(OFA = Coa — O05 0 62 oe ee ee eee 


and, 


Bq = Mp S Deve ivbw neas 0 07 eo en 


For a member of constant cross-section, 


and, 
SiS ABER eis Tine 3 he no a ee et 


in which H and K are the same as the notation of the paper. With the valu 
of CO and S from Equations (32) and (33) substituted in Equations (28) 
and (29), the well-known ordinary slope-deflection equations for the case of 
constant moment of inertia are derived. 

It may be noted that, according to the usual sign Acarenten for moment: 
adopted in the slope-deflection method, the carry-over factors, Ca» and Coa, 
will always be positive, which is just opposite to that adopted in the method 
of moment distribution. 

The determination of the values of the various constants in Equations (28) 
and (29) for members with moments of inertia varying in any manner and 
under any loading, the method of moment area, as shown by G. E. Large™,' 
Assoc. M. Am. Soc. C. E., will be found the most expedient. For certain 
special cases, there are many sets of tables and diagrams which give directly; 
the values of those constants. Hence, with Equations (28) and (29) avail-- 
able, the application of this method to the case of variable moment of inertia: 
will involve no difficulty or inconvenience. 


A. Fuoris,” Esa. (by letter).”*—This ingenious method of analyzing: 
statically indeterminate structures by means of the slope-deflection equation: 
reduces, considerably, the number of the unknowns arising in such problems. 
It is elegant, direct, and does not involve approximations. Thus far, there: 
are several methods available which render the analysis of structures with 
high redundancy comparatively easy. From the point of view of practical 
expediency simultaneous equations should be avoided, or their solution, at 
least, should be facilitated by special devices. 

The avoidance of simultaneous equations by means of the moment distri- 
bution leads to tedious and indirect, if not difficult, processes. On the other 
hand, the method of iteration applied to the solution of simultaneous equa- 
tions of a special kind, although convenient, is nevertheless time-consuming. 

The author’s method is a valuable contribution to the analysis of com- 
plicated structures. In principle, it is preferable to many widely used 

71 Bulletin No. 66, Ohio State Univ., Columbus, Ohio, November, 1932. ; 


72 Dipl.-Ing., Los Angeles, Calif. 
72a Received by the Secretary March 20, 1936. 
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methods. However, whether it will replace them in practice is another 


matter. The question can be decided only by actual experience or comparative 
calculations. 


_ A. W. Fiscuzr,” Esq. (by letter .“*_The author has contributed a method 
for solving indeterminate structures by the slope-deflection method by what 
he terms “successive elimination”, which seems to solve the simple examples he 
gives in a very short time. For solving secondary stresses in trusses by the 
slope-deflection method, however, the writer doubts if the author’s method is 
any shorter than the use of a systematic table for solving the simultaneous 
equations. 

Much has been written concerning the solution of rectangular frames by 
the slope-deflection method, but not much has been offered in regard to the 
solution of a symmetrical frame with inclined legs, supporting unsymmetrical 
loads. Consider, for example, the top story of the Kinzua Viaduct™ with a 
horizontal load at the top (see Fig. 7). Assume the bases to be fixed and then 
compare the results with those that 
‘are obtained by the method of least 
work, which gives correct results, 
‘This bent is symmetrical and, using 
the author’s method, sufficient equa- 
tions can be written to solve it. 

- The change of length of members 
is considered zero; and, since the 
bent is symmetrical, 04 = 92, 4% 
mao, .—» 0. The horizontal move- 
ment at the top of Members AD and 
“BC = Rh, and is to the right; the 
Mall of Joint A = FL; and the rise of Joint B = RI, Therefore, 


P= 26.8 Kips K,=11280 


L, =5.195! Ly = 5.195! 
Fia. 7. 


‘the R-value of AB = ——— = — = 
L 9.53 


Of the two unknowns, 0, and R, let 64 be the permanent unknown. As H is 
constant, it can be assumed equal to unity, which will shorten the equations. 
‘For the condition, 3M = 0, at Joint A, Mao + Mas = 0. Therefore, 
2 x 340.3 (26, —3R) + 2 X 11280 (3 6,.4+° 8.27 BR) 10; from which, 


PET ate Ohat) caer ee ea Se a) 
A second true equation can be developed by considering the equilibrium of 

“Member AB. Let s, and s. be the direct stresses of Members AD and BC; 

then: 

680.6 (304 — 6R) coed _ 22 560 (66, + 6.54) _ 0 .. .(35) 


s, sin @ + 
h esc > L 
2 Care, Pennsylvania Sugar Co., Philadelphia, Pa. 


2a Received by the Secretary April 7, 1936. cea ie 
a. mf i Viaduct of the Brie Railroad Company”, by e late Car ober 
Beimm, M: Mite Boe Cc. ., Transactions, Am. Soc. C. E., Vol. XLVI (1961), p. 21. 
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Peghittoc ee: 680.6 (364 — 6R) cos > ut 22 560 (660, + 6.54 R) = 0 ...(363 
h ese } ; L 
and, 
S$, cos 6 — 680.6 (304 — 6R) sin — 26.8 — s, cos d 
h ese } 
* 680.6:(80,'"—' 6B) singe ae (37y 
h ese $ 
From Equation (85), 
_ 22560 (66, + 6.54 R) 680.6 (860, — 6R) cos } 
3 ee ee ee 
L sin > h 


and, from Equation (386), 
680.6 (864 — 6R) cos d ve 22 560 (66, + 6.54 R) (39) 
h L sin ¢ 


Substituting the values from Equations (38) and (39) in Equation (37) 
and reducing: 


66.30 (60, +°6.54R) cos d 2 (836, — 6 Rf) re 26.8 __ 


8s = 


0. .(40) 
L sin h 680.6 
Equation (40) also expresses the simple relation: 
2 May 492 Mat ey ode hk Oe ee (40a) ) 
Substituting the value of R from Equation (34) and sin ¢ and cos ¢ from} 
Fig. 7, and reducing: 64 = — 0.04343; and, then, from Equation (384),, 
R = + 0.04180. 
From the foregoing values of 6, and R: 
Man = 2 X 340.8 (— 0.08686 — 0.12540) = — 144.5 ft-kips 
Mas = 2 X 11280 (— 0.08686 — 0.04343 + 0.18670) = 144.6 ft-kips 


and, 
M DA 


2 x 340.3 (— 0.04343 — 0.12540) = — 114.9 ft-kips 
For the upper story, with fixed bases, Mr. Grimm™, found that, 


Maz = 4.765 X 30.4 = + 144.9 ft-kips 


Map oe 144.9 ft-kips 


and, 
Mn, = 9.69 X 30.4 — 31.16 x 18.4 = — 114.7 ft-kips 


On comparing the foregoing results it can be seen that the two different 
methods practically check. (All calculations in this discussion were made 
with a 20-in. slide-rule.) 


4 
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The general equations for solving a symmetrical bent with inclined legs, 


_ fixed bases, and various loads derived by “relative deflections”® and modified 


to solve the foregoing example are: 


Apo PL nain (3.Lpeer al) 


2 OEE Se Le Le At 
2,7 (14+ 6n) + 12D L,n + 8n 14} ta 
and, 
a EIA aS AS eee (42) 
{I? (1+ 6n) + 12LI.n+8n1} 
- in which n = zy . Substituting the values given in Fig. 7 in Equations 
2 
(41) and (42), and reducing: My, = — 144.7 ft-kips; and, Mp, = — 1151 


ft-kips. These values, again, practically agree with those determined by 
Mr. Grimm”. 


If LZ, = 0, Equations (41) and (42) can be used to solve a symmetrical 


E rectangular bent fixed at the bases and a horizontal load, P, at the top. 


The author’s method can be used for solving many problems in indeter- 
minate structures, but to the writer it is just one tool, of many, which solves 
such simple examples as those given by the author in a very short time. A 
problem such as the analysis of a Vierendeel truss, with inclined top chord, 
however, is not so simple, and if the author would analyze a three-panel 
Vierendeel truss with an inclined top chord, the analysis might supply 


- additional data for solving indeterminate structures with inclined members. 


ee SY 


L. E. Grinter” Assoc. M. Am. Soc. C. E. (by letter).“*—There is no 
question but that the author has made an excellent case for his procedure of 
automatically eliminating the unknowns in the slope-deflection equations. 
In fact, Professor Wilbur has hit upon a major reason why the slope-deflec- 
tion method has lost some of its original popularity. The lack of a standard 
procedure for solving the simultaneous equations involved had led to consider- 


- able dissatisfaction with the method itself. The truth is that a confused sign 


convention and the difficulties involved in the solution of the simultaneous 
equations are the major objections that have been offered to its use. A 
physical picture of the relation of moment, sign, and curvature will eliminate 
the confusion in regard to signs, and the automatic procedure of eliminating 
unknowns suggested by Professor Wilbur will aid in simplifying the solution 


of the simultaneous equations. 


Physical Significance of Signs.—The question of signs naturally is involved 
in the illustrative example presented in the paper. This example ends with 


the statement, “and the moment at the column base is M = 2 (* 3 = ) 
— — 120 ft-lb, the minus sign denoting that the couple, M, acts contra-clock- 


2 “Stresses in Statically Indeterminate Structures”, by Prof. H. Yu, National Wuhan 
Univ., Wuchang, Hupeh, China, Second Bdition, 1935, pp. 471-474. 

2. Prof. of Structural Eng., Agri. and Mech. Coll. of Texas, College Station, Tex. 

26a Received by the Secretary April 10, 19386. 
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oe tl 


wise on the column.” This statement without further explanation will not 


be understood ‘by many readers. The signs of the end moments of an unloaded 
member will be made clear by Fig. 8. Such end moments are calculated by 
the standard slope-deflection equation, Mss = 2HK (20, + 60, — 3R). 
Evidently, therefore, the sign of the moment will be dependent upon the signs 
and relative magnitudes of 64, 02, and R. 


+Mpa 


—Map Me 
M,p=2EK(—20,—6,) (Negative) 
Mga=2EK(—20,—6,) (Negative) 

(2) END ROTATIONS WITHOUT (6) END ROTATIONS AND 
RELATIVE TRANSLATION RELATIVE TRANSLATION 


Fie. 8.—Siens or END MOMENTS. 


—Mpa, +Map 


For the ordinary case of reversed curvature shown in Fig. 8(a), in which 
the value of R is zero, the sign of M is the same as the sign of the end slopes, 
6, and 6;. The end rotations are counter-clockwise (negative) for the case 
illustrated, so that both the end moments, M,, and Mz, must be negative. 
Accordingly, the end moments represented by Ms; and Ms, must be the 
negative resisting moments external to the beam itself. Similarly, in 
Fig, 8(b), the geometry of the configuration determines the signs of the end 
moments. For the configuration shown, the value of 3 R must be larger than 
20, + 65 or 265, + 64. This is merely a geometric fact that any one can 
prove by attempting to re-sketch the diagram, assuming the reversed inequal- 
ity. (For instance, when 3 R = 204+ 0, = 263 + 6u, the elastic line would 
be straight and the end moments would be zero.) Hence, for the case illus- 
trated in Fig. 8(b), the end moments are of the same sign as the sign of R in 
the slope-deflection equations; that is, positive. Again, these end moments 
must be the resisting moments that act externally to the beam itself in order 
to agree with these signs. 


Advantages of a Routine Procedure-—The usefulness of Professor Wilbur’s 


procedure for the successive elimination of unknowns will depend very largely 
upon the number of simultaneous equations involved in the standard solution; 
that is, upon the number of unknowns. The continuous beam illustrated in 
Fig. 1(a) of the paper is indeterminate only to the third degree. The three 
simultaneous equations in any standard analysis can be solved so simply and 
conveniently that the successive elimination of unknowns would offer little 
advantage. However, the wind frame of Fig. 1(b) is a highly indeterminate 
structure the analysis of which would require the solution of twenty simul- 
taneous equations, a tedious and wholly objectionable task. Certainly, there 


M, p= 2EK(—20, —9, +3R) (Positive Since 3R > 26, + Og) 
Mga=2EK(—20g—0, +3R) (Positive Since 3R > 20, + 4) 


pte OE 


onl 


Coe 


= Oe 


al an 


May, 1936 GRINTER ON SUCCESSIVE ELIMINATION OF UNKNOWNS 197 


could be no justification of the use of the slope-deflection method for the 
analysis of this frame, unless some automatic procedure, such as that suggested 
by the author, was to be used. 

Undoubtedly, many engineers have been applying the procedure suggested 
by the author, but in a rather haphazard fashion. The writer has found his 
students quite confused by the fact that different members of the class would 
seem to obtain the solution for a problem such as Fig. 1(a) by solving 
different numbers of simultaneous equations. In effect, they were applying 
the suggestions of the author haphazardly. The writer, therefore, feels that 
Professor Wilbur has clarified the solution of the slope-deflection equations, 
and that his contribution is of considerable importance. 


——— 
AMERICAN SOCIETY. OF CIVIL ENGINEERS 
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CONSERVATION OF WATER 


PROGRESS REPORT OF THE COMMITTEE OF THE 
IRRIGATION DIVISION 


Discussion 
By MEssrs. W. P. ROWE, AND A. A. YOUNG 


W. P. Rows Assoc. M. Am. Soo. O. E. (by letter).“°—This report is 
divided into fourteen subjects most of which the writer will discuss in the 
order presented. The Bureau of Agricultural Engineering of the U. S. 
Department of Agriculture, under the direction of Harry F. Blaney, M. Am. 
Soe. C. E., has developed a method for determining precipitation absorption 
in the valley areas. This work should be extended to include the mountain 
areas. The writer’s experiences lead him to believe that there may be appre- 
ciable precipitation penetration to considerable depths in certain mountain 
areas, particularly in faulted regions. The San Jacinto and Val Verde 
Tunnels, of the Metropolitan Water District of Southern California, the 
Gibraltar Tunnel, of the Santa Barbara Water Department, and numerous 
other tunnels in Southern California, offer an ideal opportunity to study this 
phase of the problem. The problem of precipitation absorption on mountain 
water-sheds is also one of great importance in the interpretation of snowfall 
data. 

Evaporation—The principal need for additional evaporation data is in 
regions that are susceptible to future reclamation for agricultural purposes. 
So many valuable evaporation data have been assembled and published by — 
the Society and other agencies that a great mass of additional data would 
‘only increase the confusion. The paper, by Carl Rohwer”, Assoc. M. Am. 
Soc. C. E., is a classic in evaporation investigation. 


Notr.—The Progress Report of the Committee of the Irrigation Division on the Con- 
servation of Water, was presented at the meeting of the Irrigation Division at Los Angeles, 
Calif.. July 4, 1935, and published in December, 1935, Proceedings. Discussion on the 
report has appeared in Proceedings, as follows: April, 1936, by Messrs. Donald M. Baker, 
and Dean C. Muckel. 

™ Cons. Engr., San Bernardino, Calif. 

41a Received by the Secretary March 7, 1936. 
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There is need for the adoption of a standard pan and setting to insure the 
continuance of data at existing stations. The correlation of pan data to 
reservoir or lake surfaces is as consistent as any engineer needs in planning 
his work, but there is need for a correlation between evaporation pan data 
and transpiration losses from vegetated areas so that these losses may be 
Z estimated more closely. The writer knows of no reservoir sites in Southern 
California that were not utilized solely because of lack of knowledge of the 
_ rate of evaporation. As an evaporation record is much more consistent from 
_ year to year than a rainfall record, the estimation of the loss within 6 in. 
__ per yr is close enough for most engineering studies. 

Dr. N. W. Cummings, of San Bernardino, Calif., has done considerable 
- research work on an evaporation formula which embodies the effects of solar 
energy”. He has apparently evolved a formula which can be used as a precise 
measurement of evaporation. The chief application of such a formula would 
be in the determination of hidden losses from reservoirs which might not be 
detected under the present methods of determining evaporation losses by corre- 
lation of pan and reservoir data. A precise determination of evaporation 
would also be of great value in making studies of the effects of storage losses 
on the increase in salinity of waters which are already of relatively high 
saline content. 

Economic Use of Irrigation Water—Extensive studies of this subject 
have been conducted by Federal and State agencies for many years. The 
practical application of this knowledge has led to appreciable savings in power 
and water costs by irrigators, but as a means of conserving water in most 
Southern California areas it is of minor importance. Most of the soils under- 
lying the present irrigated area, the principal exception being those near the 
ocean, are sufficiently open to transmit readily any irrigation water in excess 
of surface evaporation and plant requirements to the water-table where it 
again becomes available for re-use. There is a tendency for this return irri- 
gation water to increase in salinity by re-use, but thus far, any deterioration 
in the quality of this water supply in the South Coastal Basin of Southern 
California from this phenomenon, has been overcome by mixing this supply 
with less saline waters. The importation of a new supply of water, of a 
quality very close to the most saline now being used, will certainly upset the 
“physiographic balance” now existing. ie 

The application of just enough irrigation water of relatively high salinity 
to maintain soil moisture above the field capacity only within the root zone 
will result in the accumulation of salts which eventually will be harmful to 
the growing plant. The quantity of excess water to be applied to prevent 
such accumulation is a problem for the soil chemist, but is closely allied with 
irrigation engineering and must be considered by the Engineering Profession. 
One of the features of the State Water Plan for the Central Valley Water 
Project“ provides for the application, during wet years, of quantities of 


18 6 ; n Evaporation and Humidity”, by N. W. Cummings, Bulletin 
No. 68 ee stal Rescaxch Council (1929) ;, also, “Hvaporation from Lakes’, by N. W. 
Cummings and B. Richardson, Physical Review, Vol. 30 (1927). : 

44 Reports on State Water Plan, Bulletin No. 29, “San Joaquin River Basin,” 1931, 
Publications of the Diversion of Water Resources, Dept. of Public Works, State of 


California, pp. 333 et seq. 
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irrigation water far in excess of estimated consumptive requirements for the: 
purpose of replenishing ground-water supplies depleted by pumping during ; 
dry years. This a reversal of the prevailing trend of agricultural practice | 
and can be largely avoided if the main and branch canals are left unlined . 
as at present. 

Studies and investigations by the U. S. Bureau of Agricultural Engineer- 
ing indicate that the climate of Southern California, with erratic periods of | 
low humidity and high evaporation, requires the application of irrigation | 
water on short notice if the best crop returns are to be obtained. This irri- 
gation practice is increasing and requires a large stand-by of water either in 
surface reservoirs or in underground storage. With the general adoption of 
such practice an increase in the consumptive use by irrigated vegetation may 
be expected. 

Soil Frosion—Since erosion is at the mercy of the whims of the weather, 
and since the Soil Conservation Service will control erosion, it seems that 
the hope of Mark Twain is finally to be realized. One fertile field for this 
Service is the prevention of erosion from the so-called “fire-breaks” con- 
structed by the U. S. Forest Service. The prevention of erosion from these 
denuded strips, each of which supports an erosion channel, is dependent upon 
the re-growth of the original species of brush existing before their construc- 
tion. The elimination of these xsthetic monstrosities, however, will remove 
the picturesque “razzle-dazzle”, jig-saw puzzle background of the Southern 
California valleys and eliminate the greatest outdoor advertising medium 
ever conceived by a Federal agency. This agency will no doubt oppose any 
such obliteration of its handiwork. 

Burning of Native Vegetation—There is little need for the discussion 
of this subject. Under the previously prevailing practice of the Forest 
Service, it was amply demonstrated that this native vegetation would burn. 
The writer has been critical of the Forest Service during recent years in 
its handling of such fires and the incidental propaganda and post-mortems 
after each blaze. However, the recent adoption of controlled burning (back- 
firing)” as a means of preventing the spread of chaparral fires has eliminated 
his chief criticism. The Service has demonstrated that burning can be con- 
trolled under the most adverse conditions of high winds, low humidity, and 
minimum soil moisture, and it only remains to adopt this policy under more 
favorable conditions. The writer suggests that this method of controlled 
burning be practiced in the spring, when soil moisture is at a maximum and 
is enough to cause the burned brush to coppice sufficiently to present a 
water-shed cover before the winter floods occur. : 

When Joyce Kilmer wrote “Only God can make a tree”, he reckoned 
without the arboriculturists of the Forest Service. They did not have to 
make a tree.. They took the native chaparral of California, called it a forest, 
and extended their dominion over a larger realm. At one time, the Forest — 
Service enjoyed the confidence of every camper and Nature lover in Southern 


* “Backfiring on the Malibu Fire’, Conservation A 1 
Los Angeles County: Novemiee dosent ation Activities, Conservation Assoc. of 
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_ California. The policing of this chaparral area and the restrictions put on 


— 


visitors to the mountains have alienated this former high regard. 

The writer hopes that the Forest Service will relinquish to some other 
Federal or State agency its dominion over weed and brush and return to the 
field for which it was originally created, namely, the opening of forests to 


Ls the public use. The Forest Service has demonstrated that it can go into an 
- area with heavy chaparral cover, select a portion of this area for experimental 


purposes, and burn off the brush under control to the exact boundaries desired. 


_ The extension of this technique to other areas would be a long step toward the 


prevention of mass burning with its resultant maximum débris movement 


during the first rain, but the adoption of such a policy would have to be 


a, 


made by a different agency from the one which has been so vehemently 
opposed to the suggestion. _ . 
The Forest Service is spending hundreds of thousands of dollars in gather- 


ing climatological and hydrological data in an experimental area in Southern 


California. The Society would be doing a public service if it reviewed the 


— enormous mass of data being gathered in this study and rendered an impar- 


- 


- tial report of its findings. The writer believes that many data will be obtained 


which will have no particular significance to the forester, but which will be 


2 valuable to the engineer studying water supply problems. These data should 


be made available to the Engineering Profession. 
Transportation of Débris—This is a study that is “between two fires.” 


There are the soil erosion faddists on one side, showing how much débris 


flows off the mountains with every fog, and the water spreaders who with an 
abhorrence of any water “wasting into the ocean”, try to put underground as 


goon as possible, the transporting medium for the débris. When bigger and 


r 


better fires occur, when bigger and better débris flows are measured, and when 
bigger and better water-spreading works are constructed, one may look for 


the mountains to be leveled, the valleys filled, and the geologic norm attained. 


Water-Spreading and Flood Channels——The spending of millions of dol- 
lars in water-spreading works on Southern California streams during the 
‘present dry period has built up a false feeling of security in their adequacy 
as flood-control measures. The recent depression had a great retarding effect 
on the movement of real estate in Southern California, but with a return to 


2 normaley a movement of population can be expected to cheap home sites 


which are only available in hazardous locations. The proper functioning of a 
planning commission, whether State or County, would prevent the creation 
of a decided menace along these lines. Adequate flood channels with stable 
bank protection are absolutely necessary in Southern California. Many of 
the water-spreading works have been constructed without regard | to silt 
deposition, and many more have been constructed which turn the silt-laden 
tail-water back into a formerly porous stream channel which is soon rendered 
impervious. The periodic sluicing of the absorption areas 18 essential if their 
porosity and absorptive powers are to be maintained. This, in itself, calls for 
the maintenance of these flood channels. 

Check Dams.—The behavior of check dams during the Montrose-La Ores- 


centa flood has demonstrated that, in Southern ‘California, dams constructed 


: 
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as these were, are not worthy of the name. Tn this instance, they were a posi- 
tive menace, first by creating a false sense of security and then causing the 


diversion of flood and débris flows to lands that would otherwise have been — 


unharmed. A properly constructed check dam used in stabilizing the exist- 
ing grade of a gully or a stream is of great value, but when it is used to raise 
the grade of a stream channel it can become a menace to life and prop- 
erty. The precipitous grades of most of the small streams in Southern Cali- 
fornia on which check dams have been used, have caused their condemnation. 
It is probable that they can be used effectively in regions that are not subject 
to such torrential floods as Southern California experiences. 

The type of débris basin having a protected inlet to prevent a retrogression 
in grade of the entering stream, as now being built by the Los Angeles County 
Flood Control District, offers all the protection formerly claimed for check 
dams, and at less expense. The Committee is to be congratulated for the 
resolution it presented to the Conference of 1935 which was unanimously 
adopted and is included in the report under discussion. 

Investigations in Water Conservation and Control—The Committee cor- 
rectly states that since most of the water conservation works for spreading 
water have been constructed during the recent dry period and have never been 
tested by a flood, some continuance of studies on the cost of operation should 
be made. Such studies can only reveal that most of these works are not 
economically sound. The engineers in charge of this class of construction 
should not be criticized for the apparent cost of these works. The policy of 
the Federal Government in putting unemployed labor to work on constructive 
projects rather than on weed cutting and leaf raking activities, made avail- 
able vast sums of money for this type of construction. Plans had to be 
drawn hastily and put into operation with no assurance that the flood of 
labor and money for materials would be forthcoming for any length of time. 

This policy of the Federal Government resulted in a great acceleration 


| 
: 


in the construction of spreading works and projects, which under ordinary ~ 


conditions would have been constructed from small annual appropriations 
over a great many years of trial. As each water-shed and stream has its own 
peculiar botanic, climatic, topographic, and geologic characteristics, these 
spreading works are of many different types. Because no flood flows have 
occurred that would test the effectiveness of the various types of structures, 


and because there is no assurance that this method of employing idle labor | 


will be discontinued, it would seem that a further study of the operations of 
existing structures under the prevailing method will result in the design 
of more efficient works for other localities in the future. 

The U. S. Bureau of Agricultural Engineering, under the direction of Mr. 
A. T. Mitchelson, is engaged in correlating data on the efficiency of the vari- 
ous water-spreading works. This investigation should be continued until a 


~~ 


capital flood offers the opportunity for testing the present works thoroughly. — 


The Committee is to be complimented on its handling of problems so vital 
to Western water supply. The printing of all the papers mentioned in the 
report in a single volume would make a valuable addition to any library. 


ne 
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A. A. Youna,* Assoc. M. Am. Soc. C. E. (by letter).“*"—As it refers to 
evaporation research, this report suggests further investigations combining 
the points of view of the engineer and the physicist in approaching the evapo- 
ration problem. This suggestion is to be commended as there is increasing 
evidence that both views must be considered. Neither one, at present, is 


- entirely satisfactory, although much that is of value has been accomplished 


to accord with both. It seems likely that earnest co-operation by engineers 
and physicists, combining the methods that each have developed, will produce 
results of greater value than any that have yet been obtained. 

Much work has been done by physicists in determining the close relation 
existing between insolation, or “exposure to the sun’s rays”, and evaporation. 
The effect of insolation may be measured by means of a recording pyrhelio- 
meter. Unfortunately, few stations exist at which such records are available, 
and when obtained they are seldom applicable to other localities. 

For years engineers have studied evaporation through measurement of 
losses from pans of various sizes and types, and have developed coefficients 
for reducing such losses to lake or reservoir values. The Division of Irriga- 
tion, Bureau of Agricultural Engineering, U. S. Department of Agriculture, 
has done pioneer work along this line since the turn of the century first 
showed the necessity of conserving the water supplies in the West. As early 
as 1903, evaporation studies were made in Southern California under the 
direction of the late Samuel Fortier, M. Am. Soe. C. E." 

Later, the Division undertook the important study at Denver, Colo., under 
the direct charge of the late R. B. Sleight, Assoc. M. Am. Soc. C. E., which 
developed the first satisfactory coefficients for reducing pan evaporation to 
reservoir equivalents. Additional studies at the same station were made 
in 1919 by Harry F. Blaney, M. Am. Soc. CG. E. The largest evaporation pan 
used at this time was of the type adopted as a standard by the Bureau of 
Agricultural Engineering, 12 ft in diameter by 3 ft deep. 

To check coefficients developed at Denver, additional studies were made 
at Fort Collins, Colo., by Carl Rohwer, Assoc. M. Am. Soe. C. E., under 
the direction of the Division, and a report was published in 1931.” In this 
investigation a copper-lined reservoir 85 ft in diameter was used instead of 
the 12-ft pan which was the basis of the Denver measurements. Sleight” 
had concluded that evaporation from a 12-ft pan was nearly equal to that 
from a larger body of water, and this conclusion was concurred in by Rohwer.” 

The Committee recommends the selection of some place in California for 
further study of evaporation because it “offers favorable climatic conditions 
with its freedom from winter freezing and the large rates of loss during 
summer months.” The writer’s opinion agrees with this statement. Cali- 


16 Asst, Irrig. Engr., Div. of Irrig., Bureau of Agricultural Eng., U. S. Dept. of 
Agriculture, Pomona, Calif. 

16a Received by the Secretary March 20, 1936. 

17“Hyaporation Losses in Irrigation and Water Requirements of Crops’, by Samuel 
Fortier, Bulletin 177, O. E. S., U. S. Dept. of Agriculture. 

18 ‘“Hyaporation from Surfaces of Water and River-Bed Materials’, by R. B. Sleight, 
Journal of Agricultural Research, Vol. 10, No. 5, 1917. 

19 “Hyaporation from Free Water Surfaces”, by Carl Rohwer, T'echnical Bulletin 271, 
U. S. Dept. of Agriculture, 19381. 
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fornia is representative of a large geographical area in the Pacific Southwest 
where seasonal evaporation exceeds that for the inter-mountain country. Not 
only is the daily evaporation high, but the evaporating season is continuous 
throughout the year. 

In Southern California the Division of Irrigation, in co-operation with 
other agencies, has been keeping evaporation records since 1928. The first 
of these records was in connection with consumptive use of water studies by 
native vegetation”, but in 1932 a co-operative evaporation study was under- 
taken at Baldwin Park, Calif., to determine the relationships existing between 
different types of evaporation pans in common use. Records of evaporation 
at this station have been continuous from July, 1932, to the present time. A 
progress report was published in 1933.” 

Further investigation was begun in January, 1935, by the Division of | 
Irrigation and other agencies at Fullerton on the Coastal Plain of Southern 
California. In this connection opportunity exists for intensive investigations 
under coastal climatic conditions. Only ordinary evaporation equipment is 
now used, but it is hoped that eventually complete equipment for insolation 
studies, including insulated pans, may be installed. The scarcity and value 
of water in the Pacific Southwest and the interest in evaporation shown by : 
physicists and engineers make this location particularly suitable for further 
investigations. 


TABLE 1.—DescriptionN or EvaporaTION Pans 


Depth | Depth | Depth 


Diameter, t i : . 
Pan No. ae feet *| of pan, of water, get Type of evaporation pan 
in feet in feet an feet 


(a) At Batpwin Park, CALiroRNiIa 


: Tena: : | 2 mpeyP v : roe: Bureau 

ered age : : A . 5. Bureau of Agricultural Engineerin; 

ores 2 3.0 2.75 2.75 Los Angeles County Flood Control District 

tC ee 2 3.0 2.75 2.75 U. S. Bureau of Agricultural Engineering 

(6) Av Fututerton, CALIFORNIA 

Me pantie se 12 3.0 2.75 2.75 U. S. Bureau of Agricultural Engineerin 

a ae 6 3.0 2:75 | 2:75 | USB # pineecigg 

5 tae Se re Lit acts peak pnts ses of Agricultural Engineering 
atk 2 } 2.75 U. 8. Bureau of Agricultural Engineerin 

Sic es. x 3.0 2.75 2.75 U. 8. Bureau of Agricultural i ing 

Bere. 4 0.83 0.62 Above U. 8S. Weather Burns foene ae 

Wests 2 0.83 0.62 Above: iy] Sion saws 

Sean 2.5* 0.71 0.62 Above Insulated 


* Square pan 


The Baldwin Park Station has four types of evaporation pans as described, 
in Table 1(a). In addition, the meteorological equipment includes maximum — 
and minimum thermometers, rain-gage, anemometer, atmometer, hygrothermo- 
graph, and barograph. Floating maximum and minimum thermometers have 


SSS ee ee ee ee er 
2 “Rainfall Penetration and Consumptive Use of Wat : 
and Coastal Plain”, Bulletin No. 38, California: Dept. of Public Weeks oat a hrs. 


21“‘Water Losses under Natural Conditio 
Bulletin No. 44, California Dept. of Public Works 1038" polbvagh cya admne vege 
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been maintained in each evaporation pan although records of water tempera- 
tures are not complete. Monthly evaporation records for the period, July, 
1932, to December, 1935, inclusive, are given in Table 2. 

The Fullerton Station is larger and better equipped than the station at 
Baldwin Park. The various pans are listed in Table 1(b). Additional pans 


TABLE 2.—Evaporation Recorps, Batpwin Park Station, Cattrornia 
(Exevation, ApproximaTety 400 Frrr)* 


EVAPORATION FROM Pans, In INCHES Ratios 
(PERCENTAGES) 


; U.S. Bureau | Los Angeles | U. S. Burea 
Month. U.S. Weather| of Agricul- |County Flood of hgrealer 


and year Bureau pan, | tural Engi- Control tural Engi- Pan Pan Pan 
4 ft in neering: District neering No. 2 to | No. 3.to | No. 4 to 
diameter, pan, 6ftin | pan, 2 ft in | pan, 2 ft in Pan Pan Pan 
10 in. deep; | diameter, diameter, diameter, No. 1 No. 1 No. 1 
No. 1 3 ft deep;t | 3 ft deep;t | 3 ft deep; 
No. 2 No, 3 No. 4 
1932: _ 
als seo ed 8.30 7.47 OL BY Meelis opto see 90.05 [a 112:2) Wee 
August........ 8.02 7.26 0°20 00m lente dctne SOLS uel pLl722anl esata 
September..... 5.64 4.81 OLD Gan oie Arete 85.3 116.5: Peter 
-October....... 5.00 4.43 HOSA | tee ees $3) 6) et 1246 nee 
November..... 4,23 4.06 ASS ea) aekGeetar 96.0 113.7 ae ORE 
December..... 2.07 2.22 208 Tee li ror demas e 107.2 LIAS eee 
1933: 
January....... 2.47 1.89 DED be We cae rats atte 76.5 SO iba ilee eee 
February...... 3.49 2.38 SULE w ha ldstetelden ae ce 68.2 9072) ir Ee eee 
Miarcli: te s% 0 4.79 3.61 £785 Bp ligetoene teens 75.4 101: 9) biases pues 
PATTI vote iete share 5.28 4.16 56835 4 Reteciaragh s ahare 78.8 LIOS4 lO ceeie 
ETA YR nth eg og apts 6.89 6.43 (tothe Vee oosaenes 93.3 GAN a em PRs bo stee 
WUNE Foie e's tse 8.15 6.89 DSOG WT Metts weiss oe 84.5 TV LOM oS oe ae 
TREK 1 Re 9.49 7.75 10.04 4.73§ 81.7 T0538) peruse 
A Miers rat 8.53 6.87 9.41 8.49 80.5 110.3 99.5 
September..... 5.68 4.95 ° 6.14 5.74 Yen ' 108.1 101.1 
October....... 4.84 4.04 5.02 4.63 83.5 103.7 95.7 
November..... 4.16 3.13 4.13 3.93 5.2 99.3 94.5 
December..... \| \| \| Titbae el lurch atnein «bathe oteesee’ | tee eh ataenes 
1934: 
January....... 2.74 1.79 1.95 1,99 65.3 71.2 72.6 
February...... 2.38 1.57 1.65 1.80 66.0 69.3 75.6 
March........ 4.58 3.59 4.35 4,12 78.4 95.0 90.0 
LST Gaels aend 5.99 5.05 6.38 5.97 84.3 106.5 99.7 
ER Paint 8.39 23 9.06 8.52 86.2 108.0 101.5 
UNE sreisic aisle ses 6.41 5.46 6.84 6.54 85.2 ‘106.7 102.0 
LM ae ee, aise 9.44 7.78 9.79 9.32 82.4 103.7 98.7 
August........ 8.32 ea 8.89 8.30 85.5 106.8 99.8 
September..... 7.32 6.04 Td 7.21 82.5 105.3 98.5 
October....... 4.50 3.52 4.40 4.25 78.2 97.8 94.4 
November..... 2.53 217 2.77 2.69 85.8 109.5 106.3 
December. .... 2511 1.65 2.10 2.17 78.2 99.5 102.8 
1935: 
January... ... 2.18 1.52 1.95 1.90 69.7 89.4 87.2 
February...... 2.94 2.23 2.86 2.64 75.8 97.3 89-8 
March........ 3.56 2.71 3.38 3.26 76.1 94.9 91.6 
PARLE sare aca tiels 4.72 3.78 4.54 4.33 80.0 96.2 91.7 
IMA Yiyerctasis 001s 5.94 4.91 6.38 5.70 82.6 107.4 96.0 
DUNES. 24% coin 7.50 6.24 8.54 7.14 83.2 113.9 95.2 
TU s ei" «5 Ete ot, 9.38 7.76 10.17 9.13 82.7 108.4 97.3 
A Laaciieayre 8.82 7.22 9.64 8.59 81.8 109.3 97.4 
September..... 6.74 5.54 7.46 6.49 82.2 110.7 96.3 
October....... 5.37 4,44 5.96 5.13 82.7 111.0 95.5 
November..... 3.19 2.50 3.42 2.99 78.4 107.2 93.7 
December..... 2.38 1.84 2.46 2.19 77.3 103.4 92.0 


22 i i 
* Thi is published in part in the Rept. on Progress Conference on Water Conservation, Los Angeles, 

Cali ee te 1935, brine Committee on the Conkeryation of Water, Irrigation Division, Am. Soc. 
C. E., December, 1935. ; ; 

Type used by San Gabriel Protective Assoc. in valley areas. ? 

Type used by Los Angeles County Flood Control Dist. in mountain areas’ 
For period, July 15 to July 31, inclusive. 
Pans overflowed during storm; record incomplete. 
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will be added as opportunity permits. The meteorological equipment includes 
maximum and minimum thermometers, standard rain-gage, recording rain- 
gage, anemometer, thermograph in the thermometer shelter, thermograph for 
sun temperatures at water-surface levels, and distance thermograph for 
recording continuous water temperatures in evaporation pan. Maximum and 
minimum thermometers are also floated on each pan. 

An analysis of the results at Baldwin Park shows a wide variation in ratios 
of evaporation from different pans within short periods of time, sometimes 
amounting to as much as 100% in 24 hr. As the length of the evaporation 
period increases, the average ratios are gradually smoothed out although 
slight changes are still occurring after 34 yr of measurements. Monthly 
ratios of evaporation from the 6-ft pan to the standard pan of the U. S. 
Weather Bureau, have been plotted in Fig. 1, together with corresponding 
mean monthly values of humidity, wind velocity, and air temperature. 


Percentage 


[\o_ 
NPA! 
(b) WIND MOVEMENT 


Miles per Hour 


Degrees F 


qh (d) RATIO OF EVAPORATION 
0.90¢=2 N |__ 6-FT PAN TO STANDARD PAN, bs 


Lowa t U.S. WEATHER BUREAU 
0.80 SS TADS BP Be eon 
070 ca FERSEN FXO \ RE 
at el Bee as 
Zab 9 aes ec = > = a > r > > 4 ee ~ 
a8 8 S02 £3 Babs (2S 2) gs Ee esa eee 
1932 1933 1934 | _. 1935 


Fig. 1—Meran MONTHLY VALUES, BALDWIN PARK EVAPORATION STATION, CALIFORNIA. 


The ratio curve brings out the important fact, previously given little 
attention, that ratios for the winter months are consistently less than those 
for the summer. This difference has been noted in a number of places in 
Southern California. The mean monthly ratios as plotted are influenced by 
air temperature and wind velocity, but not by humidity. It is a characteristic 
of the coastal climate at Baldwin Park that humidity normally goes through 
a daily cycle of from nearly 100% at night to 30 to 40% during the day. 
This is almost a daily occurrence, regardless of season; hence there is no : 
marked seasonal change in the mean monthly value. 
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The lower ratios in the winter are consistent for each year of record. 
Inconsistencies in daily and monthly evaporation have been noted by others, 
but because previous investigations have been made in Colorado where winter 
measurements are impossible, low winter ratios, as obtainable in California, 
have not been observed. The coefficient or ratio of 0.70 developed in 
Colorado for the reduction of evaporation from a U. S. Weather Bureau pan 
to lake or reservoir losses is applicable to climates similar to that in which it 
was developed, but is about 10% less than the coefficient indicated by pre- 
liminary investigation in California. Further study is necessary before a 
definite value can be recommended for use in the Pacific Southwest. 

The work done by Sleight and Rohwer” was pioneering, but it provided 
reduction coefficients which have been accepted by the Engineering Profession. 
If the investigation in California results in slightly different values it will 
be because of difference in length of evaporating season and other climatic | 
factors. It can reflect in no way upon previous studies. 
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MODERN CONCEPTIONS OF THE MECHANICS 
OF FLUID TURBULENCE 


Discussion 


By Messrs. S. FRANZ YASINES, BENJAMIN MILLER, 
AND RALPH W. POWELL 


S. Franz Yastnes,” Assoc. M. Am. Soo. ©. E. (by letter).**—An excellent 
résumé of the investigations that have been made in this field of fluid turbu- 
lence since the middle of the Nineteenth Century, is contained in this paper. 

Because the current mathematical, as well as the physical, knowledge of 
many fluid-flow problems is limited, present-day investigators are forced to 
idealize the conditions in such problems, in order to save time and labor in 
actual research in the laboratories; and in this manner they find at least a 
partial solution of a problem in an empirical form. When an attempt is made 
to imitate Nature in the laboratory, in performing tests on models, the inves- 
tigator frequently resorts to such guides as Froude’s or Reynolds’ numbers. 
Often he finds that they fail to perform their functions. Is this because 
their true meanings (and hence their limitations in application to actual 
problems) are not understood ? 

Some hydraulicians maintain that Reynolds’ number is the ratio of iner- 
tial force to that of frictional force in a given flow. Such a definition is 
confusing when flow in a straight pipe of uniform cross-section is under con- 
sideration. The Newtonian principle of momentum may be applied to a flow 
confined in such a conduit, but at a constant rate of flow the rate change 
of momentum is zero; hence, the inertial force in this particular flow must 
also be zero. Therefore, if Reynolds’ number is to be defined as the ratio 
of inertial force to frictional force, it must be zero for any constant rate of 
flow in a conduit of uniform cross-section. 

The brief derivation of Reynolds’ number, presented by the author, leads 
to the conclusion that the only forces governing the flow of fluids in pipes 
are frictional and a certain fictitious force which he terms “the rate of 


Norr.—The paper by Hunter Rouse, Assoc. M. Am. Soc. C. E., was published in 
January, 1936, Proceedinas. Discussion on the paper has appeared i 
follows: Aprii, 1936, by Chesley J. Posey, Jun, Am. Soc. C M- ™ Rrepee aes 


*% Instructor in Civ, Eng., New York Univ., New York, N. Y. 
*a Received by the Secretary March 27, 1936. 
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passage of momentum.” What is the latter force? Why not consider pressure 
force, since it is known definitely that the governing forces in the problem 
of motion under consideration are friction and pressure? ‘The rigorous 
mathematical derivation of Reynolds’ number is by no means easy when a 
physical conception of the problem is to be formulated. Considering, for 
example, the application of dimensional analysis (m-theorem) to the flow (at 
constant rate) in a conduit of uniform cross-section, it is possible to obtain 
the proper relation among the variables which indicates the presence of 
Reynolds’ number, provided the independent variables are properly selected. 
On the other hand, how is one to know at the beginning of the analysis what 
variables are to be considered as being independent if no experimental data 
are. available? 

By using the Navier-Stokes equation of motion and the Newtonian prin- 
ciple of dynamic similarity, it can be proved that the ratio of inertial force 
to that of frictional force may be equal to zero or to unity (depending upon 
the assumption made in the physical analysis of the flow), and yet Reynolds’ 
number does appear as a governing factor for similarity of flow. 

The reliability of investigations of the boundary layer with a thickness of 
0.001 ft, by means of specially designed Pitot tubes, is questionable. Instru- 
ments based on electrical rather than physical principles would be more reliable 
in the study of such complex problems. 

The writer agrees with the author that a more specific definition of surface 
roughnesses should be established. This can be done since apparatus for this 
purpose is already available. 

Since the contemporary hydraulician has inherited a large amount of 
information from his predecessors and has the opportunity of resorting to 
efficient physical tools for the study of various types of fluid flow, there is 
good reason to believe that he may solve many intricate problems; but, in 
order to do so, a closer co-ordination among hydraulicians and physicists 


is essential. 


Bengamin Miuier.” Esq. (by letter).”’—The study of turbulent flow in 
commercial pipe has been conducted along both analytical and empirical lines. 
The author has referred to work of both types, and gives the impression that 
whereas great strides have been made on the analytical side, the empirical 
studies have not been of much help, and that as yet the engineer cannot use 
the results of recent work for design. The writer feels that the picture is 
rather different, that the analytical methods described are far from satis- 
factory, but that fluid-flow rate can now be predicted with great accuracy 
by means of the empirical relationship given in the paper. That empirical 
relationship is due entirely to experiment, and owes nothing to analytical 
work. A rational analysis of turbulent flow should lead to the same relation- 
ship as that found empirically. The methods described in the paper do not, 


but improved methods of the future may. 


2% With Cities Service Co., New York, N. Y. 
26a Received by the Secretary April 15, 1936. 
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Before giving reasons for these statements, the writer wishes to point out 


that the law of viscous flow was discovered by Hagen in 1839 and established 
beyond doubt by Poiseuille in 1842, but it was not until 1856 that Wiedemann 
derived the law analytically. The law of turbulent flow was first published 
in 1932, although experimental work was available previously on which it 


might have been based. Perhaps, by 1946, an analytical derivation of it may 


have been developed. : 

The law of turbulent flow to which the writer refers is the author’s Equa- 
tion (68). Mr. Rouse states that the appearance of the square root of f on 
both sides of the equation is a drawback to its use for general purposes; but 
this is a drawback only because of the habit of thinking in terms of f, which 
in turn, comes about through thinking of the pressure drop required to main- 
tain a given flow rate. If, however, one thinks in terms of the flow rate 
which can be maintained by a given pressure drop, one may transform 
Equation (68) into, 


D 
m T dp Rt dL 
Ero bel DY pa os lo —_—_—_—_— — 05 AEA 67(11.)) 
t V8 ( ! *p.) = we 


Introducing the following symbols: 
For the flow rate, 


Q= “4 heicdinssshd cobeiten inline (72) 
for the pressure gradient, 
d 
G = es tS) A Oe (73) 
and, for the von Karman number”, 
D! 5 0.5 Gos 
K= F s aol oiling fob sc sont aaa (74) 
Equation (71) becomes, 
Tv 0.5 
Q= Ws (v 2) Clogs K- = 095) oc. 3 ons oheee (75) 


-Equation (75) is suitable for general use. It describes, accurately, the 


turbulent flow in commercial steel pipe. The flow through pipe lines will be © 


less because of the pressure drops at joints, bends, fittings, ete. 

The development of Equation (75) is detailed in the paper previously 
cited.” The author’s Equation (8) may be used as a starting point, but it is 
written instead, 


Vie hi ( Dit nnd aes 5 vb lat Qiagen 


Since Q is proportional to V, 


OQ ds CD Peaterbo) ae sacemn sk oniee U eee (77) 


7 Transactions, Am. Inst. Chem. Engrs., Vol. 82 (1936), p. 1. 


' 
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By dimensional analysis Equation (77) transforms to, 


p 


and Equation (78) is put into the explicit form of Equation (75) by the 
empirical method of plotting the results of the various investigators, such as 
Stanton and Pannell, Nikuradse, etc. 

Equation (75) is represented well by the author’s Equation (35) between 
Reynolds numbers of 10° to 10’, but it is not restricted to this region. Actu- 
ally, it coincides with experiment down to the beginning of the turbulent 
régime. As mentioned previously, it applies to pipe, and not necessarily to 
pipe lines. However, there are commercial pipe lines in which the flow is 
more than 95% of that calculated by Equation (75), and it is an unusual line 
in which the flow is less than 90% of that so calculated. 

The author does not consider that the methods of analysis described 
in the paper are perfect. He does indicate that, although there is a 
fallacy in the fundamental assumptions, the discrepancy thus introduced is 
so slight as to be entirely negligible in practice. Rather than pick out the 
discrepancies, the writer suggests that the problem be re-examined in the light 
of what is known. 

In turbulent flow, as in viscous flow, there must be maximum velocity at 
the center and zero velocity at the wall. Furthermore, there must be a 
viscous drag proportional to the rate of change of velocity. 


Q\= (0 ey 2h Cee ee 


These statements may be expressed as follows: v = 0 at r = To; dys 0 at 


dr 
= 0; pt = coat r = 70; and, 
dr 
dee, Cif nee eee Piles slerniste = co tenes oVaereuerha (79) 
dr To 


The law of turbulent flow (Equation (75)), is: 


We 1 Gg 0.5 
2% PO) ON cap (v 2) (log K — 0.25)....+4.- (80) 
° a/ 2 p 


Any analytical expression for v as a function of r must meet all these 
conditions. Assumptions which lead to infinite velocity gradient, at the wall 
and infinite velocity at the center may be interesting, but they can not be 
correct. 


RatpuH W. Powewt,” M. Am. Soc. C. E. (by letter).**—The title of this 
paper is perhaps too broad, as it scarcely covers the entire subject of fluid 
turbulence. The question of turbulence as it affects problems in aeronautics” 
and the transportation of sediment in streams”, for instance, is scarcely 


28 Assoc, Prof. of Mechanics, Ohio State Univ. Columbus, Ohio. 

23a Received by the Secretary April 22, 1936. i Ps 

29 See, for example, “Applied Hydro-_and Aeromechanics”, by Prandtl and Tietjens, 
Shapers IV, Ne pace N. Y., McGraw-Hill Pub. Co., 1934. 

80 «¢ i f the Theory of Turbulent Flow and Its Relation to Sediment Transporta- 
tion’, Pe ectouch ?. o*Brien, Assoc. M. Am. Soe C. B., Transactions, Am, Geophysical 
Union, April, 1933, pp. 487-491. 


; 
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touched upon. As a résumé of present knowledge on the flow in pipes, how- 
ever, the paper is excellent. The only other adequate treatment of the subject 
in English, as far as the writer knows, is that given by Prandtl and Tietjens”, 
and the author has improved upon this study at several points. (However, he 
has not included all the interesting material given therein as, for instance, 
the “length of transition” at the entrance, the intermittent occurrence of — 
turbulence in the critical range, the effect of convergent and divergent flow, - 
and the seventh-root law of velocity distribution.) 

In studying through parts of the paper with a graduate class in fluid 
mechanics, one idea has occurred to the writer which is perhaps worth noting. 
In the paragraphs following Fig. 8 the author assumes a linear distribution ~ 
of velocity in the boundary layer. This simplifies the mathematics, but is con- 
trary to the fact shown in Equation (25) that for stream-line flow the velocity 
distribution is parabolic. As a matter of fact, the assumption is unnecessary. 
One can assume that the flow in the boundary layer obeys exactly the same 
laws as in the case of laminar flow, but that to, the intensity of shear at the 
pipe wall, has the value of turbulent flow. Combining Equations (13) 
and (25): 


To 


which will hold within the boundary layer only. Taking, as the author 
does, vw as the velocity at the inner surface of the boundary layer, and 5 as 


the thickness of the boundary layer, and substituting v = vw, r = D. — $9 


and 7 = > in Equation (81), and solving for 8: 


p= 2-1-2 ey toe ee (82) 
2 fR V 


Expanding Equation (82) by the binomial theorem and dropping all except 
the first term gives Equation (36). The difference between the two expressions 
will be largest when f Ris smallest; that is, just above the critical region, 
say, when R = 3000. Then Equation (32) gives f = 0.0428 and FRiSA28 


If - = = as assumed by the author in his example, Equation (36) gives — 
§ = 0.03125 D and Equation (82) gives 8 = 0.03229 D, or 3.38% greater thick- | 
ness of boundary layer. For larger values of R the relative error is less, and ~ 
the absolute error very much less. Thus, the author’s assumption is satisfac- 
tory for purposes of calculation, but it is not necessary to think of the ~ 
velocity in the boundary layer as varying uniformly. 

One other fact may be added. If Equations (32) and (35) are solved 
simultaneously, R = 117500; that is, Equation (32) may be taken as the law 
of fluid friction in smooth pipes up to a Reynolds’ number of 117500 and 
Equation (36) beyond that point. As both these equations are empirical, it is 
probable that there is actually no sudden change of law. 


4 
Bi ee 7 
Pub. Congas, Hydro- and Aeromechanics”, Chapters, III and IV, N. ¥., McGraw-Hill 
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COMPARISON OF SLUICE-GATE DISCHARGE IN 
MODELS ANID PROTOTYPE 


Discussion 
By MESSRS. RAYMOND BOUCHER, AND H. E. HURST 


RaymonD Boucuer,* Jun. Am. Soc. C. E. (by letter).**—More than ever 


_ the hydraulic engineer is in need of proofs that model experiments are trust- 
worthy. Mr. Blaisdell’s paper is an excellent contribution toward that end.” 


The author states that “the coefficient, ca, is not equal for all openings or 
heads.” The statement leaves the reader under the impression that the head 


‘depends on the gate-opening, which is not the case in these experiments 


because by varying the discharge the gate-opening and the head were adjusted 
independently. It would be preferable to write that “the coefficient, ca, varies 


with different gate-openings and different heads.” 


Referring to Table 1, the coefficient, ca, corresponding to a gate-opening 


of 4.0 ft, has a difference of + 4.1% between model and Nature, whereas for 


gate-openings between 1.0 and 3.0 ft the difference in coefficient varies only 
from —0.5 to +1.0 per cent. The existence of that relatively abnormal 


difference in ca, for the gate-opening of 4.0 ft, is not quite clear to the writer. 


Ee 


Tt is remarkable that the values obtained by model experiments are in very 
close agreement with those obtained in Nature. This paper is a valuable 
addition to the science of hydraulics and is another step in proving the 
reliability of model experiments. 


H. E. Hurst,’ Ese. (by letter).““—In making a comparison of the discharge 
of a model of the Tremont sluice-gates with the discharge of its prototype, 
the author has done valuable work. It is to be hoped that the publication 
of his paper will lead to the recording of other comparisons of a like nature. 
He mentions the comparisons, made by Mr. Watt and the writer, of the dis- 
charges of models of the Assuan sluices with those of the actual sluices. In 


Norn.—The paper by Fred William Blaisdell, Jun. Am. Soc. C. E., was published in 
January, 1936, Proceedings. This discussion is printed in Proceedings in order that the 
views expressed may be brought before all members for further discussion of the paper. 

4 Asst. Prof. of Hydr., Ecole Polytechnique, Montreal, Que., Canada. 

4a Received by the Secretary February 24, 1936. 

4> That part. of Mr. Blaisdell’s paper entitled “Agreement with Froude’s Law”, is to be 
deleted from the paper when it is finally published with the discussion in Transactions, and, 
therefore, is not open to discussion. 

5 Director-General, Physical Dept., Ministry of Public Works, Cairo, Egypt. 


5a Received by the Secretary March 11, 1936. 
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this connection it will be of interest to summarize some work that has been 
published since the papers to which he refers. 

The full-scale sluice discharge measurements at Assuan depend initially 
on volumetric measurements with a tank, and various methods have been 
adopted to extend these data to measure the discharge of sluices for which 
the tank cannot be used. As a result of this work, the discharge of the Nile 
can be measured by means of the sluices with a high degree of precision. 

A comparison of these measurements with simultaneous measurements of 
the discharge by means of current meters has shown that during the low stage 
of the river the difference between the sluice and the current meter measure- 
ments is negligible. During the flood period the discharge given by the cur- 
rent meters was about 5% greater than the discharge given by the sluices. 

The Assuan model experiments to which Mr. Blaisdell refers were made 
on sluices high above the river bed and discharging freely into air. For these 
experiments there was very good agreement between model and prototype. 
Since then experiments have been made on the type of sluice, 7 m (23.0 ft) 
high by 2 m (6.56 ft) wide, through which the river passes under a low head 
in flood time. 

For these sluices the conditions are very different. They are not very high 
above the river bed and, therefore, are affected by differences on the river bed 
up stream of them. They are used when the velocity of approach is high and. 
the direction of approach is different for different sluices. They are partly 
submerged down stream and the down-stream level is very difficult to measure 
in the turbulent condition of the water. It is also very different at different 
places owing to the large variation in the level of the bed down stream 
of the dam. 

The mean discharge of six similar sluices is 6% less than the discharge 
inferred from the model. Two of these sluices are more similar in condition 
to the majority of the sluices than the other four, and for these two the mean 
discharge is only 1.7% less than that inferred from the model. The experi- 
ments on the model were very complete and covered a large range of up-stream 
and down-stream levels, and all measurements were made directly by means 
of a measuring tank. 

A a result of these experiments three conditions of flow were found: 
(1) Free flow into the air; (2) submerged flow; and (3) intermediate types — 
between Conditions (1) and (2). ; 

(1).—Free flow into air persisted until the down-stream level was con-_ 
siderably above the sill of the sluice. In these conditions, the flow was 
represented by, 


Q=cAN 29(H —F) ee ee cake ee 
in which Q is the discharge; A, the area of the gate-opening; H, the head 
above the sill of the sluice; and c and F are constants for any particular 
gate-opening. 


6’“The Measurement of the Discharge of the Nile through the Sluices of the A , 
Dam”, by H. E. Hurst and D. A. F. Watt, Physical Dept. Paper No. 24, Ministry of Public 
Works, Egypt; also, ‘Further Experiments on the Discharge of Models of Sluices”, by H. B. 
ay eas, Dept. ae he 27. inlet 4 Public Works: Egypt. (A copy of Papers 

08. an are available for reference, a ngineerin ocieti i 
Ro" Nea York NOY) g g Societies Library, 33 West 39th : 
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(2).—The submerged condition begins when the down-stream level is well 
above the top of the sluice-opening, in which case the discharge is 
represented by, 


DEER OR AMA( eo WAMEORY Leni «ice caetutat poke) 


in which h is the head down stream above the sill. 

(3).—The transition condition lies between the free and submerged condi- 
tions. The down-stream level affects the discharge, which, however, is not 
given by Equation (3). These conditions are best illustrated by reference to 
Fig. 5’ in which a form of representation is adopted that is very useful in 
the study of the discharge of sluices or weirs. 


2.0 


va 
a 


Note: Free Conditions Include 
Free Discharge into Air 


2 
Values of 2 zin (Meters per Second)?(= 10.76 (Feet per Second)4| 


Distance Downstream 
in Centimeters 


Submerged 


Conditions 


6 8 10 12 14 16 18 20 24 24.5 
Values of Upstream Level, in Centimeters (0.39 in.) above Sill 


2 
Fic. 5.—ReLATION BETWEEN Up-StrnaAmM LEVEL anv(%) . (Suurcn, 4 CENTIMETERS, OR 
1.57 Incues, Oprn-MopEL ScALe, Assuan SLuicy, 1; 50; AND SLUICE, 14. By 4 
CENTIMETERS SQuARE). 


7 Physical Dept. Paper No. 25, Pl. 3. 
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In Equation’ (2) and (8), 2 is a linear function of H and, therefore, in 


Fig. 5, the two are plotted against each other. The result shows immediately 
the type of flow under any conditions of up-stream and down-stream 
level. The actual observation points are not shown, but they were numerous 
and fell very closely on the lines drawn in the diagram. 


The conditions of flow at Assuan are usually those described as “free”, — 


and it is to these that the comparisons of model and prototype refer. It 
would seem advisable, if possible, to avoid the complicated transition condi- 
tions in using a model sluice as a means of inferring the discharge of its 
prototype, as it may be that the discontinuities do not occur always at the 
same points on both. For example, one of the Assuan type of sluices showed 
a condition in which there were two separate values of the discharge for the 
same head where only one could be obtained on the model, although this 
condition was actually in the region of free discharge into air. 

The results of the Assuan model experiments led to the use of models as 
@ means of inferring the discharge through the sluices of the dam on the 
Blue Nile, near Sennar. The results of this work are described in Paper 
No. 25 previously mentioned, and from these results are constructed the tables 
of discharge for the Sennar Dam, which are the basis upon which the Sudan 
takes its share of the Blue Nile water. 

Since these tables of discharge were constructed several years have elapsed 
during which discharges have been measured regularly with current meters 
down stream of the dam. The comparison of these discharges with the sluices 
during the important period when the Sennar Reservoir is working is given 
in Table 3. At this period the velocity of the water is not high, and condi- 


TABLE 3.—PrrcentacE DirrerENcES Between Siuices AND Current Meters, 


Srennar Dam 

Month 1929-30-| 1930-31 | 1931-32 | 1932-33 | 1933-34 | 1934-35 | 1935-36 | Mean 
November....... OG +110. | hace Al 400 obo 10.4 | +9.8 5. 
Deogmbers. 2... ais | hola | Gbta ecpa's Ui hecgen Shag poll eigte +35 
January.......... +3:3 | —315 | —3'4 | —2'3 | +33 | +36 | 43:6 | +0:7 
February Oi} 206 1 BON] Y— 7B | ag) Neo Be —4'0 
March........... 6.901 hd Ba] NS oh Be Ut Dg Al eg opaaibeent ke —2'4 
Ages ash. tit +234 Mh ’+910 1h 6.2 hPa | Sigg [Paes inet +3.0 
Means........... Oia | pois |7 gto | oe he en eee PE Se +10 


tions are favorable for current-meter measurements which were usually made © 


about twelve times per month. 

On the average the difference between the sluice discharges, as inferred 
from the models, and the current-meter discharges is negligible, but there 
are occasional months when the discrepancy is as much as 10%, and 
there seem also to be some signs of systematic effects. The data have not been 
investigated in detail; therefore, it is not possible at the moment to state to 
what extent the discrepancies are due to the sluices or to the current meters, 


but in any case the result is satisfactory as an example of the reliability of 


deductions from models. It should be mentioned that the conditions of flow 
were always those described as “free.” 


ne girder in 
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BEHAVIOR OF STATIONARY WIRE ROPES IN 
TENSION AND BENDING 


Discussion 
By Messrs. C. D. MEALS, AND G. P. BOOMSLITER 


C. D. Mats,’ Assoc. M. Am. Soc. C. E. (by letter).°*—Another “link in 


the chain” has been wrought by Mr. Stewart in his splendid paper pertaining 


to the strength of stationary wire ropes looped over sheaves. Of the bending 
stress formulas, Equations (1) to (7) inclusive, it may be noted that Chap- 
man’s (5)* formula antedated Hardesty’s (2)* formula; the former was pub- 
lished in 1908 and the latter in 1918; consequently, it should not be implied 
that Chapman modified Equation (3). 

Equation (5) was developed by Josef Hrabak® and published in 1902. 
Hrabak’s writings on the subject are frequently ignored, and yet he presented 
the first logical theory on the subject as compared to the Reuleaux formula 
in vogue in 1902. Howe’s formula, Equation (6), was first published in 1907, 
although credit is generally given to his 1918 paper (2)*. The years 1902 to 
1918 saw the publication of many formulas for the calculation of bending 
stresses in operating wire ropes, and there may have been some justification 
for the consideration given the subject, as ropes did break before being worn 
appreciably, which was considered as indicative of abnormal bending stresses. 

With the present knowledge of designing wire ropes, it is appreciated that 
improper proportioning of the wires lead to their premature breaking. If 
less time had been spent on bending stress theories and more time devoted 
to the engineering design of the rope, the troubles experienced would have 
been greatly eliminated. 

In discussing bending stresses in wire rope, the author of an article’ 
published in 1930, noted that “the intensity of stress due to bending varies 
inversely as the radius of curvature; consideration of this fundamental fact 


Norn.—The paper by Douglas M. Stewart, Jun. Am. Soc. C, E., was published in 


February, 1936, Proceedings. This discussion is printed in Proceedings, in order that the 


views expressed may be brought before all members for further discussion of the paper. 

5 Wire Rope Engr., The B. Greening Wire Co., Ltd., Hamilton, Ont., Canada. 

be Received by the Secretary April 18, 1936. 

8 Wor reference to figures in parenthesis, see ‘‘Bibliography”, Appendix II, of the paper, 
Proceedings, Am. Soc, C. E., February, 1936, p. 191. 

6 “Die Drahtseile’, by Josef Hrabak. 

T “Instructions for the Design of Wire Rope Installations’, U. S..Navy Dept., Bureau 
of Construction and Repair, Technical Bulletin No. 1, p. 30. 
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leads to the conclusion that the wires in contact with the sheave or drum, 7eé., 
those bent to the least radius of curvature, are subjected to the greatest 
bending stress.” An extensive experience in testing moving wire ropes, under 
load, over one sheave and under another sheave, subjecting the rope to a 
reverse bending, has verified the foregoing statement. 

In a discussion of Leffler’s paper (3)°, the writer noted that “the maxi- 
mum bending stress [in an operating wire rope] is not necessarily in the 
outer wires of the strand farthermost from the axis of the rope.” With some 
types of wire ropes and under certain conditions of loading and operation, 
however, the outer wires of the strand break next to the manila center of 
the rope where they are not susceptible to inspection. 

For the determination of the strength of a wire rope bent over a sheave 
and subject to a static load, in a recent paper*, the writer modified Equa- 
tion (9) as follows, 


Siok ble i) ea eee eS ed ee ee 
D+d, 
in which k, is a correction factor with the following values: 

D D 

ae k — k 

7 1 rE 1 

OAR hos sie ee LOO Bc usta ee 1.080 

Ape ene ae See SED 10... he Ae ee ODO 

5S), Steno toe 1.120 TOT cnie, phere es oaelLe Oe 

Gaeoe Pare LOD BE. eRe ee hana’ au (018) 


Les iititn a uis xfesgen OD 


and E, is the modulus of elasticity of the rope as manufactured and as deter- 
mined by the first run loading on it, the load not to exceed 30% of the strength 
of the rope. 

The use of Equation (14) will increase the values given in Table 10, 
under the heading, “Equation (9)”, and using the first-run modulus values 
given in Fig. 8. The changes in tabular values are given separately in 


TABLE 11.—Srrenetus or Ropes Bent Over SHEAVES 


Ecuation (14) 


Set No SHEave D1aAMETeRs, IN INCHES ’ 

18 14 10 7 

Lie < ae tet are ote tate tat eve arate atesterione 53 600 49 800 45 600 37 200 

DA. ois Ce be ath eviv tn we eslsfe wale 47 600 42 200 34 800 T 

ys wis eho Vee nic aR aheat eteieer 50 200 45 500 39 450 28 450 

Ris Soe aee ae os ns site ares 51 700 47 400 42 200 32 300 

QA eae cals claieehs wad Med 66 600 63 700 61 900 56 4 

10, rere ea Sth PR 66 600 700 9 56 400 

Ys eid da claretetarerhee eel sveteie isha aoare 62 500 60 100 3 

Te iick s,2 ohGtdee ee On caer eee 63 300 61 200 55 500 

BS a. sic ahs diet acetate BEDS WW enue oe Sih 74 400 70 800 68 400 61 700 


§ “Main Cables and Suspenders for Suspension Bridges”, b 
Am, Soc. C. E., Journal, Eng. Inst, of Canada, August, 1934. SS Oe ee a 


| 
j 
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3 Table 11. These values show an appreciable advance compared with the data 
given in Table 10 for Equation (9); if the loadings on the ropes had not been 
so abnormally high, lower first-run moduli would have resulted, with a 


corresponding increase in the values of Table 11. 
Tt should be appreciated that Equation (14) is only an approximation, and 


~ yet it gives values quite closely in accord with the results of Skillman’s (9)° 
— and Rairden’s (1)* series of tests and also with the test results of many 


6 xX 19 and 6 x 37, steel-center, suspender ropes as used on recent suspension 


_ bridges; although, as indicated previously, it is not in as close agreement with 
- Mr. Stewart’s test results. 


For 6 X 19 ropes with manila centers, the efficiencies of the ropes reported 
by Mr. Stewart are higher than those of Skillman’s (9)° tests for 6 xX 19 


- Warrington plow-steel ropes and of Rairden’s (1)? tests of 6 X 19 filler-wire 


improved plow-steel ropes, and it appears from a comparison of these three 
series of tests that the efficiencies may vary for the different types and grades 
of 6 X 19 ropes and even for ropes of the same type as made by the different 


- manufacturers; consequently, too much reliance must not be placed on any 


particular formula until more tests are conducted to verify their accuracy, 
although no brief is being held for Equation (14) as the writer appreciates 
its ‘limitations. : 

Equation (10) has been used for a number of years to determine the 
strengths of special wire ropes and has found to be more accurate than is 
indicated in Table 9. To verify this statement, tests were made of Z-in. and 
j-in. ropes with manila centers, the data pertaining to the ropes being noted 
in Table 12, and the results of these tests in Table 18. 


TABLE 12.—Descrrption or 3-Incu anv 1-Incn Wire Ropes 


Metallic ANGLES 
Set No. Description of ropes eaueee _——_—_——— 
inches a de b 
42). 3 f-n.,6 < 7 Lang lay plow-steel, non-preformed| 0.31975 14° 15’ peasy 15° 13’ 
Weeota: Be cacti } e nequlas lay cast-atert, 2OD5|  gaizese|-17e,28th (Aiden a! ol eee, 
ORS RS ae regular lay plow-steel| 4 4iogg | 172s’ | 14° 4’ | 18°50’ 
pees: Breached. av yes ; Bee ; sk te — ‘se 0.41268 | 16°44’ | 13°28’ | 19° 10’ 


ere ne 


The ropes were tested by the Ontario Department of Mines, in Toronto, 
Ont., Canada, and the individual wires of the ropes were check-tested by the 
Steel Company of Canada, Limited, at Hamilton, Ont. Tt will be seen from 
Table 13 that Equation (10) does agree quite closely with test values, and it 
is difficult to reconcile these efficiencies with those noted by Mr. Stewart in 
Table 9. 

One criticism of Equation (12) is that it does not take into consideration 
the difference in the angles of lay of the various wires in a strand, For 
example, it will give the same efficiency for a 6 X 19 two-operation strand, a 
strand having 12 wires laid over 4, as fora 6 X 19 one-operation strand rope 
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as a filler-wire construction; and yet it must be obvious that the efficiency of 
the latter is greater than that of the former construction. Equation (10) 
makes this differentiation, whereas Equation (12) does not; also, the latter 
part of Equation (10) will give the breaking strength of the individual strands 
of the rope quite accurately. 


TABLE 13.—Acruat AND CALCULATED BREAKING STRENGTHS AND EFFICIENCIES: 
or Wire Ropss 


ActuaL TEsTs Equation (10) Equation (12) Equation (16) 

Set No. Load, Efficiency Load Efficiency Load, Efficiency Load, Efficiency 
in per- in (per- in (per- in per- 

pounds centage) pounds centage) pounds centage) pounds centage) 
14..... 66 050 90.2 65 300 89.1 63 750 87.1 65 000 88.8 
Tb sess 67 285 85.6 67 500 86.0 63 300 80.6 66 000 84.0 
TO nana. 83 425 85.4 83 700 85.7 78 800 80.6 82 000 84.0 


Lois. 81 225 85.9 81 900 86.6 76 600 81.0 79 600 84,2 


Equation (12) may be modified to take into consideration the varying 


lays of wires in the strand by taking a as the average angle of lay of all the 


wires in the strand, or ag = > <, which, for a 19-filler wire strand, becomes, 


git 81 8 Oye The oy ha eee .(15) 
Pre Aad SR ehedhee a ab | 
25 
and, accordingly, Equation (12) may be written: 
SS A Sy ‘con (at, blesses tien eee (16) 


Values in accordance with Equation (16) are noted in Table 18. 
It is regrettable that certain pitfalls were not avoided in Mr. Stewart’s 


tests inasmuch as they detract somewhat from the value of the paper. 
Among others, four may be noted, as follows: (a) Loadings at 49% of the 


rope strength for the determination of the modulus of elasticity values; (b) a 
decidedly short gauge length of 10 in. for the measurement of the stretch 


of the rope under load; (c) the use of fixed clamps on the rope; and (d) the 


adoption of ropes with manila centers. 
(a).—Loadings at 49% of the Rope Strength for the Determination of the 


Modulus of Elasticity Valwes—Most certainly this is an abnormally high — 


loading and not representative of any engineering or commercial practice per- 


taining to wire rope; lower loadings are more in keeping with actual practice 


~~ 


and would result in lower modulus values. Such abnormally high loads result — 
in a permanent breaking down of the structure of the manila center, nicking of 
strand against strand, and a high modulus value that is unreal in so far as _ 


standard practice is concerned. 
(b).—A Decidedly Short Gauge Length of 10 Inches for the Measurement 


SE he 


of the Stretch of the Rope Under Load.—It has been general practice in } 


modulus tests of wire ropes, to use a gauge length as long as possible ; Skill- 
man (9)° used a gauge length of 50 in., and for most of the suspender ropes as 
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used on the large suspension bridges built in recent years, the gauge length 


has been 80 in. The merit of the longer gauge length is that any irregularities 
_ or errors in measurements or in the behavior of the rope are not proportion- 


_ ately of much consequence as they must be in the shorter gauge lengths; 
_ those experienced in such testing will appreciate this point. 


(c).—The Use of Fixed Clamps on the Rope.—Special swivel clamps have 


- been used that are free to swivel or rotate, and, consequently, to eliminate any 
_ twisting of the measuring apparatus due to the untwisting of the rope. 


(d).—The Adoption of Ropes with Manila Centers——That such ropes are 


~ used to avoid confusion in the mathematical analyses is appreciated, but they 


are not as typical as those with an independent wire-rope center (IWRC) ; 
particularly for the consideration of the loss in strength due to bending, as 
this applies to suspender ropes for suspension bridges and such ropes are 
_ always made with an independent wire rope center. 

It is a fact fairly well known to wire-rope engineers, that the tensile 


. strengths of preformed wire ropes are from 8 to 5% lower than the strengths 
of non-preformed ropes, but sales policies have conveniently “glossed over” 


this fact. For the preforming of Lang lay wire ropes, the use of quills as 


_ described, by Mr. Stewart is not necessary, as the roller head shown in Fig. 4 
may be used; in fact, roller heads only are used in the making of all types 


_ and diameters of preformed Lang lay wire ropes by the writer’s Company. 


Relative to the coefficients of friction given in Table 6, it is presumed 


y that these are for ropes that were dry—that is, devoid of any heavy lubricant. 
Mr. William Hewitt published data® pertaining to this subject in 1905, and 


it may be interesting to compare his values with those of the author. 
That the bending stress in a Lang lay rope is approximately 20% 


4 less than that in a regular lay rope verifies a statement that the writer” made 
in 1928 regarding such ropes. 


Mr. Stewart shows the same confusion as did Oarstarphen and Rairden in 


the paper cited (1)* in considering that the loss of strength of -a stationary 


wire rope looped over a sheave is the same as the bending stress in a moy- 
ing wire rope operating over a sheave; the former is more susceptible of 
mathematical analyses than the latter. Reasons and examples were cited by 
the writer in his discussion of Carstarphen’s paper (1)* to indicate that the 


~ latter was not susceptible to such an analysis and surely not to the extent 


that a “prediction of the bending stress” could be satisfactorily assured, as 
noted in Conclusion (10) of the paper. It would be a boon to the wire-rope 
users as well as to the manufacturers if such a prediction was possible. 


G. P. Boomsuiter,” M. Am. Soo. C. E. (by letter).“"—In calling attention 
to the increase in the modulus of elasticity of a wire rope under successive 


applications of load, Mr. Stewart has rendered a valuable service. A value 


of E of 18000000 Ib per sq in. is not too great. As the author has shown, 
this value is perhaps high for repetitions of load under the proportional limit 


® “Hlements of Machine Design’’, by O. A. Leutwiler. E 

10 “Aerial Tramways”, by F. S. Carstarphen, M. Am. Soc. C. E., Transactions, Am. 
Soc, C. B., Vol. 92 (1928), p. 964. 

11 Prof, of Mechanics, West Virginia Univ., Morgantown, W. Va. 

116 Received by the Secretary April 16, 1936. 
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but, at some time or other during their period of use, most hoisting ropes; 
are stressed beyond the calculated load. The writer is reminded of two sucht 
cases in his brief experience with wire ropes. 

In one case a mine cage was customarily left all night at the bottom of a\ 
250-ft shaft down which came the fresh air draft to a mine. One cold night ; 
the cage froze fast to the floor. It was finally pulled loose by stressing the} 
hoisting rope, but the rope was 8 ft longer after pulling it loose than it was} 
before. In another case, the circuit breaker on a hoist went out as a load . 
of coal was being lifted in a shaft. A telemeter attached to the hoisting rope : 
immediately above the cage showed that the action of the safety devices in. 
stopping the cage caused stresses which were 2.29 times the dead load stresses. 
Many other conditions result in occasional applications of high stress to a. 
rope so that after a short period of service its modulus of elasticity has been . 
increased beyond that of a new rope. Indeed, calculations made in the tele- 
meter test referred to, indicated a modulus of elasticity for the rope there | 
tested of between 19000000 and 20000000 lb per sq in. 

Mr. Stewart deserves congratulations for his clever method of attaching 
the tensometers to his wire rope when it was bent about a sheave. He has 
pointed the way for further investigations of bending stress in gvire rope. 
However, the results of bending tests such as those of this paper are likely 
to be misleading. Undoubtedly, they determine the stresses due to bending a 
wire rope about a thimble, or in a stationary rope bent over a sheave while in 
an unstressed condition, since there is no constraint as the wires adjust 
themselves to the curved position about the sheave, but a heavily loaded rope 
running over a sheave will have other stresses which the author has not con- 
sidered. These stresses are due to the frictional resistance to sliding of the 
wires upon each other when the loaded straight rope bends about the sheave. 
To illustrate, consider an axial load of 30000 lb on one of Mr. Stewart’s 1-in. 
ropes of regular lay as it passes over a sheave. Each strand of 19 wires ; will 
be assumed-to take one-sixth of the load, or 5 000 Ib. 


The lay length of the strand will be taken as 93 d and d as Gr "| iin sa 
15 


dy = the diameter of the rope; and d the diameter of the individual wires. 
The lay length will then be 7, or 6.2 in. and the length of half a lay will 


be 3.1 in. The lay angle is 18° 39’. The component of stress in a strand, 
normal to the axis is 5000 tan 18° 39’ = 1 688 lb. : 
Let Fig. 18(b) represent a half lay length of the strand. Fig. 18(a) sheam 
the components of the stresses at the two ends of the length which are normal 
to the strand length. These components are held in equilibrium by pressures 
of the other strands, assumed normal to the strand in question. By analogy 
with the pressures and tensions in a cylindrical vessel, the total lateral 
pressure in a length of a half lay will be 2 X 1688 = 3375 lb. Now, assume 
that the lower end of this length is in contact with the sheave. The upper 
end will be at the outside of the rope. The part in contact with the sheave 
will shorten and the part at the outside of the rope will lengthen. This is 


a — * 


a 
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_ done by the slipping of the strand on its neighbors,- but this slipping will 
; be done against a friction. Assuming a coefficient of friction of 0.15, the 

frictional force set up to oppose this motion in a half lay length will be 506 lb. 
_ This force will be a measure of the difference between the stress in this 
= strand at contact with the sheave and at the outside of the rope. Note that 
: this is 10.8% of the axial stress in the strand. 


Length of Half Lay -3 x 4: 


; Fie. 18. 


If the normal length of the rope is maintained at its line of contact with 
the sheave, all this frictional restraint (506 Ib), will measure the increase in 
strand tension at the outside of the rope. If there is slip on the sheave the 
normal length of the rope is maintained along a line somewhere between 
the sheave and the outside of the rope. Assuming that this line coincides 
with the rope center, the stress at the inside is decreased and that at the out- 
side increased, each by one-half the frictional restraint, or 253 lb. The area 
of the wire in one strand, as taken from Table 3 of the paper, would be 0.0694 
sq in. The unit stress due to direct load would be 72000 Ib per sq in., and 
the frictional bending stress according to the first assumption would be 7 490 Ib 
per sq in., and 3745 lb per sq in., according to the second. ‘These stresses, 
of course, are in addition to the stresses due to flexural bending. They would 
be independent of the ratio of the sheave diameter to the rope diameter. The 
formula expressing this stress would be: 


Sp = 2 Sp tAN A frreeecssnseceeresererses (17) 


in which sz is the axial unit stress in the rope; a is the angle of lay; and f is 
the coefficient of friction between strands. Since the same condition exists 
between the wires in a strand, Equation (17) is decidedly approximate and 
is given simply to indicate the effect of frictional resistance on sliding. The 
coefficient of friction is also assumed. Only further tests will indicate what it 
actually is, but the writer is firmly of the opinion that tests such as those pre- 
sented by Mr. Stewart are likely to be misleading if assumed for a heavily 
stressed rope passing over a sheave. If a rope were rusted so that it could not 


slip, it would bend as a unit, of course, and Equation (7) would be a proper 


formula for bending stress. Tf it were so well lubricated that the friction 


was that of an oil layer on oil, this stress could be neglected. It is very doubt- 


ful whether this last condition would exist in a rope under heavy service. i 


is more likely that neglect would make f more than 0.15. 


. 7 
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VARIED FLOW IN OPEN CHANNELS 
OF ADVERSE SLOPE 


Discussion 


By Mgssrs. H. E. VON BERGEN, W. E. HOWLAND, 
AND ARNO T. LENZ 


H. E. von Bercen,” Jun. Am. Soc. C. E. (by letter).“*—The science of 
obtaining the depth directly at any point in a channel of adverse grade and 
uniform section, for steady non-uniform flow, has been advanced appreciably 
by this paper. In the field of hydraulics, however, this case is rather rare 
and in the event of flow below critical depth the hydraulic jump is produced. 
Furthermore, unless the engineer has occasion to make numerous computa- 
tions, using the author’s formulas and “varied flow functions’, he may 
find the method somewhat involved and cumbersome. ; 

The writer has found it more practical and convenient to dispense 
with the author’s analytical treatment beyond his Equation (8) and, solving 


for a , to make a graphical integration of the resulting differential equa- 


tion as suggested” by Harold A. Thomas, M. Am. Soc. OC. E. For example, 
using the notation of the paper: 


\ 


ae 8, aenneel ; 

Gy es te Ge ae eee (16) 
dz 1 eS Q? b 
ga 


2 
and, since = (y) = 8, which may be obtained quickly from various prepared 


Notn.—The paper by Arthur BH. Matzke, Jun. 5 ls 
February, 1936, Proceedings. This discussion is prides ait rises in omer Bree the . 
views expressed may be brought before all members for further discussion of the paper. 
1% With U. 8, Forest Service, Sacramento, Calif. ; 
* Received by the Secretary March 17, 1936. 


“Hydraulics of Flood Movements in Rivers’, b 
Bulletin, Carnegie Inst. of Technology, 1934, p. 13. Hareld,, Ac, Thouihas Aoaigcaas 


| 
1 
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2 
-charts or tables, and e aN = web. (and for rectangular channels may be 
ga ga 
. further simplified) Equation (16) may be reduced to: 
dy aes So <a S 
pe a eee AM PN OS ane is tree eles et Sate 17 
des 4 VE Se 
ga 


To integrate, graphically, use the reciprocal of Equation (17), compute 


sa four or five values of es over the desired range of depths, tad plot the 


dy 


depth, y, as ordinate and S as abscissa. Then, by graphical summation of 
y 


the area to the left of the curve, the water-surface profile may be drawn 
_ over the desired range of depths. 


The negative sign of So was introduced from Equation (3), but for the 


2 general case the sign of So is positive and, by substituting a minus value for 


tele 


“adverse” slope and a positive value for “sustaining” slope, the sign of So will 


_ take care of itself automatically. 


The writer believes the graphical solution is more practical and efficacious 


- and, except for accidental errors in plotting, is more correct than the elaborate 


analytical treatment given by the author. 


W. E. Howtanp,” Assoc. M. Am. Soc. C. E. (by letter).“*—This extension 


- of the theory of varied flow to open channels of “adverse” slope furnishes 


additional proof of the power of the fundamental methods presented by 


_ Professor Bakhmeteff’, and is, in itself, a valuable contribution to the practical 


tools of the hydraulic engineer. The concise presentation of theory and the 
numerous illustrative problems serve to make the methods available to 


students and practitioners alike. 
A few suggestions may be helpful in gaining familiarity with the termin- 


ology. When the depth is y, the term, K (y), is defined as C A A 'R, in which C 
is the constant in the familiar Chezy formula, V=CaA/ RS; R is the 


4 hydraulic radius; and A is the area of the cross-section of the moving stream. 


It is thus a part of the total expression for the carrying capacity of the 


channel, but not all of it. The term, “conveyance, as a name for K (y) is a 


good one, because it is not used for any other quantity, but the expression, 
“earrying capacity”, seems to mean Q, or an expression for Q, and, therefore, 


may be misleading as applied to K (y). 
The term, “hydraulic exponent”, or n, can be defined by the equation 


- K*(y) = a constant xX y*. It is obtained by plotting the logarithms of 


the computed values of K*(y), for a given cross-section against y, the depth, 
as abscissa. The slope of the line so plotted is the value of n. 
48 Agst. Prof, of San. Eng., Purdue Univ., La Fayette, Ind. 


18a Received by the Secretary March 27, 1936, 
“Hydraulics of Open Channels”, Bng. Societies Monograph, McGraw-Hill Co., 1932. 
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There are two assumptions made in Mr. Matzke’s study which might 
introduce small errors. A useful addition to the paper would be an estima- 
tion of the approximate limits of these errors as affecting computed depths in 
one or more of the illustrative problems. These two assumptions are: 
(1) That of the constancy of n previously mentioned; and (2), that of the 
constancy of 7 defined in the paragraph following Equation (4). 

It is interesting to note that a more elementary method of solving prob- 
lems involving changing velocities does sometimes yield results of sufficient 
precision with little labor. The writer has used one such method to check 
the results of Example 1. It involves the consideration of the canal as made 
up of six sections of variable length, but of constant difference in surface eleva- 
tion of 1 ft. The effect on the surface curve due to the differences in velocity 
head can be considered exactly. The effect on the surface curve of friction 
in each section was obtained by computing the value of the energy gradient 
at the extremity of each section and then using the harmonic average (a 
reciprocal average of reciprocals) of the two extreme values in estimating 
the effect of friction in that section. The variable length of each section 
is then computed from the following self-evident expression (the nomencla- 
ture used is that. of the paper): 


ae Difference in depths (1-2) — difference in velocity heads (2-1) 
Bottom slope + energy gradient 


ly-2 


or, 
eb 1 1 
Rens 5) 
yids a oa 2 MO) ey MOE ce cee a 
s+ Q 1 
Krave) 
For Example 1, Equation (18) becomes: 
rae | ieee \ 
(po ites ot orl agit (19) 
0.0004 ++ 


2 
(ave.) 


The values of a and k have been obtained for this section from Professor 
Bakhmeteff’s work”. Substituting the values of a. = 58.5 ft? when y = 38 ft. 
and a, — 84.0 ft? when y = 4 ft, the numerator of Equation (19) becomes 0.37 3.1 
Using the average of the values of k* = (58.2 x 10°)’, which is the value 
when y = 38 ft, and of kh = (99.4 X 10°)*, which is the corresponding 
value when y = 4 ft, the denominator of Equation (19) becomes 0.004062 and- 
ls is 84 ft. Owing to the very small differences in the functions given in 
Table 2, it is almost impossible to check this value thereby. 

Likewise, the writer has computed the distance from the place where | 
y = 4 ft to where y = 5 ft, etc., and then, by addition, the distance from 
where y = 3 ft to where y = 5 ft, etc., and obtained the results listed in 


13 66 7 ” ‘ 
D, p. aot oe of Open Channels”, Eng. Societies Monographs, 1932, Canal Type 


= 
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Table 3. The value, 426 ft, does not agree with the one given by Mr. Matzke, 


but it is more closely in agreement with the arithmetic values he himself has 


: given; that is, 


6. 
a { — (0.457 — 0.762) + 1.06 (0.452 — 0.715) \ = 426. 


; The agreement between the results of the two methods is striking and really 


surprising, considering that the approximate method involves so little work. 


TABLE 3.—Comparison oF Horizontat Distances (Units 1n Feet) 


Depta at Sections BetwrEmn Wuaicu HorizontTau 


WY 
Distances ARE GIVEN: ComputTEeD Horizontau DisTANCES 


: “ By approximate By Matzke’s 
From To: method: method: 

3 4 S47 QPS PSS Sage <3 

3 5 425 426 

3 6 1 170 1 180 

3 va 2 320 2 335 

3 8 3 830 3 860 


Tt is also interesting to note that if the arithmetic average of energy 


_ gradients (or what amounts to the same thing, the average of =) were used 
2 


in the foregoing computation instead of the harmonic average of energy 
gradients (or average value of k’*) at the two extremities of a given section, 


- the agreement would not have been nearly so good. This would suggest that, 


at least for this type of problem, the harmonic average should be used. 

From the application of this particular approximate method to this prob- 
lem and also from studying the somewhat similar graphical method presented 
by H. Addison”, the writer is led to believe that the harmonic average is 
preferable to the arithmetic average of slopes in approximate methods of this 
nature. If further study on this point were thought to be desirable, Mr. 
Matzke’s method would serve as an exact standard of comparison on regular 
channels. In natural channels with ‘irregular sections, in which some kind of 
an approximate method must be used, great precision could be secured by the 
use of a large number of sections or small increments of depth. 

The writer has attempted to apply this approximate method to Example 2, 
but has obtained a result of 127 ft instead of 160 ft. Mr. Matzke’s result 


; might be in error almost to this extent. A change in the last significant 


figure of one of the numbers from Table 2 would change the result of his 
computation as much as 13 per cent. It seems that this table is not satis- 
factory when applied to sections so close to one another. Indeed, this lack 
of precision in computations with close sections is the most serious limita- 
tion to the application of the method. The approximate method increases in 
precision as the sections become closer and would appear to be more 
satisfactory for these cases. 

Applying the approximate method to the third problem the writer has 
obtained a value of 7 = 11150 ft from the right-hand end of the canal to 


19 “FFydraulics”’, by H. Addison, N. Y., John Wiley & Sons, 1934, p. 1385. 


S| 


° 3 
828 LENZ ON OPEN CHANNELS OF ADVERSE SLOPE Discussions 


the place where y = 10 ft. (In making these computations a value of 
I? = 19.35 x 10%, when y = 9 ft., and k = 23.95 x 10°, when y = 10 ft. 
was used, in addition to the values for the lower depths given by Bakhmeteff. 
Then, subtracting from 10 ft the value, 11150 — 10000, times the value of dy 
at the 10-ft depth, or 1150 x 0.000425 = 0.49, the writer obtains 9.51 ft as 
the depth of the water at the lower end of the canal. (Here, the water-surface 
slopes are very small and are very nearly constant.) This agrees very well 
with the values of 9.56 ft given by the author. This method probably involves 
no more labor than that of Mr. Matzke in solving this problem. 

In the statement of this problem it is to be noted that the upper end of 
the canal level is held fixed at 3 ft; and that the reservoir surface elevation at 
Section B is invariable. It is impossible to maintain both conditions when 
the water is flowing to the left since the water line in the canal must be at 
least one velocity head lower than that in the reservoir. This velocity head 
at the highest flow amounts to 0.61 ft. The solution given is consistent with 
the assumption that the levels indicated at Sections A and B are canal levels 
and not reservoir or ocean levels, unless, in some case, they might nappa 
to be the same. 

For publication in Transactions, Equation (12) of this paper will be 
corrected to read as follows: 


Pls af (tt1v2+)) afeak eae 
f23 AN EO MAln ek: SEG ER are tan (n 4 2+ 1) 


+ are tan (7 4/9 — » | anrithuste. diate oe ue eae (12) 


Arno T. Lenz,” Jun. Am. Soo. C. E. (by letter).**—An interesting exten- 
sion of the work of B. A. Bakhmeteff, M. Am. Soc. OC. E., on open channels 
is contained in this paper. The examples show its practical application in 


Ke 


an excellent manner. In mathematical derivations of this type, however, there - 
are certain basic assumptions which must be made. These assumptions may 
be said to be the foundation upon which the structure is built, and they 


must be sound. They should be checked in every manner possible. 


In the derivation of the general differential equation for varied flow, 


the hydraulic exponent, n, is used, based on the fact that “the conveyance 


arm 


function, K =aC »/ R, within a reasonable range of depths, follows suffici-_ 


ently close the exponential relations: K° (y) = a®C? R = constant y”*. This 
exponential relation is of extreme importance in all that follows. 


It is evident that the best check of this relation would be to plot the con- — 


veyance, K, against the depth, y, on logarithmic paper, which plotting should 
give a straight line. Unfortunately, practically all published experimental 


*Instr., Dept. of Hydr. and San. Bng., Univ. of Wisconsin Madison, Wi 
2a Received by the Secretary April 18, 1936. % 
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_ discharge measurements omit the slope measurement necessary to determine 
_ the value of K from the discharge, Q = K s? , 

An approximate check might be made, however, by considering that when a 
number of stream gagings are taken, some will be made at times when the 
_ surface slope is greater than normal and at others when it is less than normal, 
S with the average of a number probably about normal. Furthermore, the gage 
z. height as recorded is a measure of the depth, y. With these approximations in 
_ mind, discharge was plotted against gage height for ten streams picked at 
random from the Water Supply Papers of the U. S. Geological Survey, from 
all sections of the country. The curves are plotted on Fig. 6. 
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Fig. 6.—DiscHarcn RATING CURVES. 


The writer was surprised that the points plotted did approximate straight 
lines. It is recognized that for canals it is likely that the exponential law 
holds even more closely than for natural channels. Therefore, the curves 
are a logical proof of the validity of the use of the hydraulic exponent as 
assumed by the author. 

When flow spreads out over flood-plains there will be a sharp break in 
the line, and care must be exercised under such conditions. A check such 
as that presented herein is relatively easy to make and will show quickly 
' whether the theory may be applied to any particular river or canal. 

The author is to be congratulated on his extension of the theory presented 
by Professor Bakhmeteff, which should be a tool of great usefulness to those 
working on the hydraulics of open channels. 
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ANNUAL REPORT OF THE BOARD OF DIRECTION 
FOR THE YEAR ENDING DECEMBER 31, 1935 


In compliance with the Constitution the Board of Direction presents its 
Report for the year ending December 31, 1935. 


THE EIGHTY-THIRD YEAR 
Re-Employment 


Unquestionably the most important event of the year just closed is the 
marked increase in re-employment of civil engineers. But few are now with- 
out employment although many are yet misplaced with respect to their 
particular qualifications. Salaries are better although still below those 
formerly paid. In organizations which have remained operative throughout 
the depression period those engineers who were retained are now receiving 
“pay more nearly that of pre-depression days. Those engaged in the new or 
temporary organizations, particularly of the Federal Government, however, 
are receiving pay materially lower than that which they formerly received 
“in their previous connections. Great numbers of civil engineers are directly 
or indirectly employed in connection with the enlarged public works programs 
sponsored by the Federal Government. To what extent this situation will 
continue is problematical. However, the call for civil engineers in relation 
to private industry has begun. 

Re-employment is reflected in Society statistics. More members have 
paid dues promptly. Applications for admission and reinstatement during 
the past year were 76% of those of the maximum year, 1927, and 45% greater 

than those of the minimum year, 1933. Thus it appears that the Society has 
heen satisfactory to the membership and that the several special efforts made 
‘by its officers and other representatives toward re-employment have received 


recognition within the profession. 


New Policies and Procedures 


Several new policies or procedures, effective in 1935, merit special mention. 
First, perhaps, is the continuation of the Committee on Aims and Activi- 
ties and the acceptance of its report. This Committee consists of 
members of the Board of Direction and non-members selected for their 
~ relation to the membership in all parts of the country. Their studies and find- 
ings as expressed in their first report set forth certain new procedures and 


' 
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indicated phases of the Society’s work which earned further and detailed 
study. One such was the question of how to bring about, in the Local Sections, 


increased local response and activity. This has been under active analysis. 


and study throughout the year. 
One recommendation of the Committee resulted in the addition to the 


staff of a Field Secretary. Beginning his work in March he has traveled 
approximately 35 000 miles, visited 71 of the 112 Student Chapters, 50 of the 57 


Local Sections, and attended 11 group meetings of Student Chapters, of Local 
Sections or Engineering Societies. Through him and others of the staff, all 
but 3 Local Sections and 43 Student Chapters have been made more familiar 
during the past year with the Society’s work. His primary function this first 
year, however, has been to study the problems of the Local Sections to determine 
if possible where and how they can be made more effective in behalf of the mem- 
bers of the Society and of the profession. On the other hand he has afforded 
them assistance in regard to their approach to registration of engineers, 
preservation or rectification of local civil service conditions, and related salary 
problems. 

Another recommendation of the Aims and Activities Committee was that 
the Society take up aggressively, where appropriate so to do, the defense of 
members unjustly accused or dismissed without proper hearing. The method 
of procedure had no sooner been worked out than a case in point arose which 
was most thoroughly investigated and followed through to a fully satisfactory 
vindication of two members. 

The Aims and Activities Committee also recommended the resumption of 
Local Section Conferences the first of which was held at the time of the 


Birmingham Meeting. These conferences permit not only of a round-table 


discussion of Local Section problems but also of an intimate discussion of 


the Society’s policies, financial affairs, and detailed procedures. Thus is 
afforded a wider comprehension of the ramifications of the Society’s many 


activities of all types and characteristics and the Board of Direction’s 
problem in their correlation. 

A fourth new procedure, which after all was but an extension of a general 
procedure which has been followed throughout the depression, was the estab- 


lishment of a nation-wide group of “employment correspondents”. Ever since — 


acceptance, some four years ago, of the thought that the Society should make 
its facilities a medium for the re-employment of civil engineers, special efforts 
on the part of the officers, permanent and temporary committees, and Local 


Sections have been directed to this end. Early this year it became evident. 


that many supervisory positions requiring the type of ability possessed 


especially by civil engineers would become available. In order that prompt — 


information of prospective positions of that character might be disseminated 
throughout the nation there was formed, through the medium of the Local 


Sections, this national group of members charged with understanding the — 


conditions of local unemployment of civil engineers throughout the country 
and with readiness to respond to calls for any type of supervisory or technical 
service that might be needed. The most recent call has been for supervisory 
staffs of engineers to carry on local control surveys wherein the simpler 


a ee 
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operations are to be performed by the so-called “white collar” unemployed 
under the Works Progress Administration. This and other projects of varying 
nature, inquiries disclose, have resulted in at least the temporary re-employ- 
ment of practically every civil engineer in the country. 


Membership 

There are to be recorded again most gratifying facts in regard to mem- 
bership in the Society. Total membership at the close of the year was 
15069. This is not the greatest number of members the Society has enjoyed 
but near to it. It has come about through recognition in the profession of 
_ the value of the Society to its members and the profession, coupled, of course, 
with renewed ability to pay the dues. One other circumstance permits the 
record of membership to stand, as it has stood throughout the recent trying 
years, at such a uniformly high figure. By action of the Board those loyal 
members, who have long contributed to the support of the Society but who 
recently, by reason of unemployment or impaired income, have been unable 
to continue their financial support, have had certain of their dues remitted. 
In order to do this it was of course necessary to curtail certain former 
activities, to lower the salaries of the staff, to decrease somewhat the publi- 
cations and research activities, and effect other economies. It is by these 
means that the Society as an organization has been maintained intact. Close 
to 3000 individual members contribute annually of their efforts—on research, 
administrative, or professional committees, at meetings, to the publications, 
in the Locai Sections, on re-employment problems, as representatives to other 
Societies, or on joint activities. The organization has been held intact, 
functioning. The Board of Direction has adhered to the principle that the 
Society’s real value is its “assets in men—not money”. With the return of 
employment in this year, however, the necessity for these curtailments has 
decreased and many Society activities have been resumed and new ones 
undertaken. The necessity for remission of dues seems to be passing and 
shortly the Society should be able to widen and accelerate its programs and 
service more than ever before. 


Publications 

A word about the Society’s publications is in order. Publications this 
past year have consisted of 10 issues of Proceedings, 12 issues of Civil Engi- 
neering, 1 volume of Transactions, 1 new Manual, 102 individual memoirs, 
reprints! of 149 different articles or papers, and 2 special issues of reports. 
Special attention has been given this year to making Oivil Engineering 
more informative of the Society’s policies, procedures, and its many efforts ; 
in other words, to tell the members more specifically and in greater detail 
what the Society is doing in their behalf. None the less the net cost of these 
publications has been about $4000 less than in any preceding year since 
Civil Engineering was inaugurated. The sale of these publications, par- 
ticularly Proceedings and Transactions, to other than members of the Society, 
yielding an income of more than $11000, attests the approval which is 
accorded the Society’s publications even throughout the world. 
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Financial , 

The Society is in good financial condition. It does not owe debts of any’ 
kind. The effective continuance of normal functions, although at a rate } 
somewhat less intense, has been made possible by the receipt of dues in| 
larger quantity, the entrance of new members or the reinstatement of former ' 
members, and the receipt of income from earlier reserves judiciously invested. , 
This is convincing evidence of the interest in the Society taken by the | 
profession and of the wise financial policy followed for many years. 

To set up a budget providing for the greatest possible continuance of | 
normal procedures and for the development of new activities, even though 
annual deficits were expected, has been the practice of the Board of Direction 
for the past six years. In the year just closed the budgeted expenditures 
exceeded anticipated income, but the increase in new members and the 
increased ability of former members to renew the payment of their dues, 
made it possible to turn into a small surplus the anticipated deficit. 


MEETINGS OF THE BOARD OF DIRECTION 
There have been five meetings of the Board of Direction during 1935: 


January 14-15, 1935, New York, N. Y. 
January 17, 1985, New York, N. Y. 
April 3-4, 1935, Coral Gables, Fla. 
July 1-2, 1935, Los Angeles, Calif. 
October 14-15, 1935, Birmingham, Ala. 
There have been six meetings of the Executive Committee: © 
January 16, 1935, New York, N. Y. 
January 17, 1985, New York, N. Y. 
April 3, 1985, Coral Gables, Fla. 
June 30-July 1, 1935, Los Angeles, Calif. — 


October 18, 1935, Birmingham Ala. } 
December 16, 1935, New York, N. Y. 7 
MEMBERSHIP “ ; 
The changes in membership are shown in the following table: : 
Jan. 1, 19385 Jan. 1, 1936 LossEs AppITIONS TOTALS ‘ 
_--————_--_——$ $< | | || ese > . 
oI a a 7 
vey oO > o i} eo 
2 3 *: J] 3 rs, Bl | be q 
ala lalelala lelaldlstalalelalala! 
a/G]e]3 a (ZEA 2| 2 #5 |S )8% 
s 2 z hse “4 
|S | | | | | |) | | | | |_| 
Honorary Members. . 6 12 18 4 17 21 OF 0 Ob = ll aera 20 . 
Members........... 945] 4 742] 5 687|| 942] 4 773| 5 715|| 4] 28] 41] 108i|t111] 67 31 181 200 8 
Associate Members... 966 57105 6 O71 953 5 163 6 116 111] 39) 171] 45||+165] 178] 6s|| 366] 411| 45_ 
UNIOTS......... 6.0. 4 221) 165] 80]§238| 5|| 0] 543] 35|| 488 3 
Affiliates............ 32) “66| ogi] 29] eal o3il ol “al 21/7 :3)| 0] soja ttl semee =a Is : 
Fellows............. 2 4} 0} 2! il oF ol of} ail’ of ol oll) ol oom 
Total’, vee 2 468/12 442/14 910||2 457|12 612/15 069|| 280] 148] 452 164|| 280] 788] 135/|1 04411 2031 150 
_oooOoOoooSSOooeoeoeoeowoeoeooooooOS=<$q$q$S$ao 
*4 Members. . 104 Juniors d limit 
{ 111 Associate Members. t Domes. Dla hue 
165 Juniors, 
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New Members and Net Increase 


The following table shows the new members and the net increase during the 


past ten years. The diagram on page 6 gives ‘membership statistics for 
the same period: 


1926 1927 1928 1929 - 1980: 1931 1932, 1933 1934 1935 
New Members*.. 1072 1139 1244 1066 1139 1055 753 5384 757 923 
Net. Increase. ... "91 755. 820 508. 574 581 57 46§ 291§ 159 


a EEE 


* Includes reinstatements. 
§ Decrease. 


Applications for Membership 


The total number of applications for membership was 1361, of which 1 034 
were for admission, including 12 for re-admission, and 222 for transfer. 
The number of applications received during the past ten years follows: 
ee eel_OOQ_O—u_—| 
1926 | 1927 | 1928 | 1929 | 1930] 1931] 1932 | 1933 | 1934] 1935 


For admission..... 1 194 | 1 374 | 1 284 | 1 172 | 1 260 | 1 072 736 715 768 1 040 
For transfer......+ 292 304 274 271 338 224 192 172 222 321 


Total....;...-|.1 486 | 1 678 | 1 558 | 1 443 | 1 598 | 1 296 928 887 990 1 361 
TTT 


EMPLOYMENT SERVICE 


The Employment Service has offices in New York, N. Y., Chicago, parks 
and San Francisco, Calif. 


The number of men placed during 1935 has averaged about 100 per 
month. The following table shows the registrations and placements in the 


three offices: 


Men R&GIsTERED ; Moen Piacep i 


a 


iit | A ati oe ee ee 
Month rae Suit San 
New York| Chicago | Francisco Total || New York] Chicago | Francisco Total 


a 


er 102 61 57 220 50 15 17 82 
Tey 101 39 45 185 60 16 13 89 
March.....- 79 45 49 173 62 20 13 95 
Goris coisa 109 39 56 204 64 28 12 104 
May.....--- 100 56 60 216 45 12 13 70 
Tne Kiavoeve 175 81 92 348 43 22 20 85 
nik eee 131 86 49 266 47 25 19 91 
Auguat...... 110 56 46 212 54 31 4 | 99 
September... 94 97 45 236 75 27 21 123 
October..... 79 96 64 239 76 43 32 151 
November... 67 74 46 187 72 24 20 116 
December... 88 44 50 182 60 20 25 105 

Total...| 1 285 774 659 2 668 708 288 219 1 210 


ee a en an nS 
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ay Sebel oad AMERICAN SOCIETY OF CIVIL ENGINEERS 


CURVES SHOWING APPLICATIONS FOR 
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WITHDRAWALS. 1925-1935 
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Curves SHOWING New MemMBpRs anp Nerv INCREASE IN 


1931 


MEMBERSHIP, 1925-1935. 
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The losses by death during the year number 164, and are as follows: 


Past-Presidents (2): 
Charles Frederick Loweth 
Francis Lee Stuart 


Honorary Members (1): 
Gustav Lindenthal 


Members (106): 
William Augustin Aiken 
William Valorus Alford 
Charles Kyes Allen 
William Goodson Ames 
Charles Enoch Angilly, Jr. 
William Wallace Atterbury 
Almon Byron Atwater 
Edward Vahan Baron 
Herbert Howard Bassett 
George Meade Bond 
Alfred Victor Bouillon 
Robert Dunn Budd 
Arthur Dudley Buzby 
William Stoddert Caruthers 
James Alanson Childs 
Ernest Wilder Clarke 
Eugene Hunter Coleman 
Ruel Keith Compton 
Robert Fulton Cowles 
Francis Elihu Crane 
John Francis Cushing 
Godfrey Pearson Farley 
Frank William Flittner 
Weston Earle Fuller 
Felder Furlow 
Harry Carter Gardner 
Martin Gay 
Henry Holbrook Gladding 
William Beck Goddard, Jr. 
Xanthus Henry Goodnough 
William Charles Gotshall 
Frederick Passmore Gutelius 
Caspar Wistar Haines 
John Venable Hanna 
Morris Hansford 
Alfred Lamar Hartridge 
John George Heinz 
David Christiaan Henny 
Burt Bradley Hodgman 
Robert Wright Hornsby 
George Leonard Hosmer 
Laurence Hussey 
Edward Sherman Jackson 
Guy Robert Johnston 
Edward Clarence Jordan 
Irving Patterson Kane 
Julian Way. Kendrick 
George Bertram de Betham 
Kershaw 
Soren Theodor Munch Bull 
Kielland 
Ernest Avery Lamb 
John Francis LeBaron 


William 
Lemen 
David Walker Lum 
Charles Albert McKenney 
Archibald McLean 
John Gilmore MeMillan 
Herbert Augusta Maine 
Marshall Morris 
William Mulholland 
Edward Towler Murchison 
James Cornelius Murphy 
John William Musham 


Edmund Trowbridge Dana 
Myers, Jr. 


Arthur O’Brien 

Irwin Selden Osborn 
Henry Isaac .Oser 

John Elden Palmer 

Harry de Berkeley Parsons 
Charles Napier Perry 
Eugene Everett Pettee 
Augustus Lyon Phillips 
Dwight Porter 

William Bancroft Potter 
Francis Everett Pratt 
James Ritchie 

Stephen Allan Roake 
James Wingate Rollins, Jr. 
William Henry Rosecrans 
Theodore Rosenberg 
Charles Schultze Sample 
Harry Linden Shaner 
Frank Cummings Shepherd 


Thomas Shackelford Shep- 
perd 


William Luther Sibert 
Bugene Adalbert Silagi 
Clifford Stanley Sims 
William Augustus Smith 
Harl Eugene Sperry 
Charles Henry Stein 
Osear Van Pelt Stout 
Charles Frederick Swigert 
Fenwick Milford Thebo 
William John Thomas 
Sam Tomlinson 

James Hubert Van Wagenen 
Charles Voetsch 

Isaac Spurr Voorhees 
Edward Wegmann 

Paul Willis 

Charles Alfred Wilson 
Henry Felix Wilson 
Jackson Franklin Witt 
Hans Hermann Wolff 
Robert Owen Wynne-Roberts 
George Stevenson Yates 
Samuel Humphreys Yonge 


Caswell Smith 


Associate Members (45): 
George Marshall Ames 


George 
tage 
Frank Karr Ashworth 
August John Baritell 
Alfred Pancoast Boller 
James Alphonsus Boyle 
Theron McCabe Brown 
George Butler 
Levi Oscar Coleman 
Henry Leo Connell 
Hrnest Harry Cornelius 
William Driscoll 
Harry Foster Ferguson 
James Blaine Ford 
Hugene Cornelius Hanavan 
Francis Vincent Harney 
Ralph Daniel Hayes 
John Brewster Hodgdon 
Charles Jay Hogue 
Henry Llewellyn Jones 
Walter Richard Ketels 
Edward Louis Koch 
Franklin Edward Leland 
Harry Clifford McClure 
Osear William Melin 
Frederick William Mills 
Robert Farley Morris 
Robert Orrell Morrison 
Hersey Munroe 
Joseph Ambrose Murphy 
Horace Winter Nutting 
Alexander Orr 
Guy S. Poling 
William Thomas Reed 
Harry Ashton Roberts 
William Marcus Rosewater 
William White Rousseau 
William Dwight Sample 
Gordon Earle Sissons 
Edward King Smith 
Frederick Frank Stager 
Ralph Penny Thompson 
Asahel Clark Toll 
Daniel Ulrich 
Ralph Waldo Yardley 


Washington Armi- 


Juniors (5): 
Edward Lawrence Bader, Jr. 
William Estey Boden 
Harold Ray Hurtgen 
Carl Stopp 
Standish Weston 


Affiliates (3): 
Kyosaburo Futami 
Robert Whitman Lesley 
Adolph Lietz 


Fellows (2): 
Alfred Watts Kiddle 
Henry Coddington Meyer 
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ENGINEERING SOCIETIES LIBRARY 


Society Affairs — 


The statistics which follow, give comparative figures for 1934 and 1935 


of the Engineering Societies Library: 


1984 1935 
Additions: (Jan. 1-Sept. 30) 
Volumes (by gift)... 1825 1 403 
s (by purchase) ... 0.0. 0¢55..4% 996 2 821 902 2 305 
Pamphlets (by gift)... : 3 3871 
L (by purchase)...........-. 214 3585 
Mapai byvo ir) spe arcniienre ties Lae Ae 140 102 
aoa (Vel DUTGHASE:); jemis ies Sleswis © ede tate 9 149 14 116 
Searches. es Pa eee 5 cata ee es 21 18 
ENO taMAQUTELONG) eis.0us'< siete Ries © eames 6 576 2 439 
Permanent collection .............000 005 145 620 147 492 
Expenditures for books, periodicals, bind- 
ing, supplies, and salaries (approximate) $40 002 $31 358 
The Library was used by...............- 40 789 30 289 
Including personal visits by.......... 29 928 22 399 
Volumes catalogued .. aD ht ian ec 2 821 2 305 
Oards added to, .catalogan® 7.30. se ecah eo 18 327 11 760 
Total catalog cards, arranged under subject 479 435 | 487 462 
Searches made . 68 110 
Dranslations smad@ agen ss so: «ciate sak, ee 109 90 
OPO ATA MUS el as eae aha Seek 18 493 13 214 
Number of persons securing photo- 
graphs 2 366 1 671 
Receipts. for service.:.V 5.2.2.0 64800 .Teed $7 766 $5 834 
Members borrowing books..............-. 127 . 114 
PUBLICATIONS 


The publications’ of the Society for 1935 include one volume of Trans- 
actions (Volume 100), ten numbers of Proceedings, twelve numbers of Civil 
Engineering, a Year Book, one Manual, and 2 Separates (“Recommendations 
for Determining Fees to Be Allowed for Professional Engineering Services” 
and “Mapping for National Planning”). 

Transactions.—V olume 100 is the regular yearly issue of Transactions and 
includes the papers and discussions from November, 1933, through September, 
1934. The volume also contains the Annual Address of President Arthur S. 
Tuttle, the Final Report of the Special Committee on Concrete and Reinforced 
Concrete Arches, and Memoirs of Deceased Members, none of which was pub- 
lished in Proceedings. The paper bound copies of Volume 100 were issued 
as Part 2 of the October, 1935, Proceedings. 


—_ M " _ pate see soe ~ 
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Proceedings.—Progress Reports of the Special Committee on Flood Pro- 
tection Data, and of the Committee of the Structural Division on Masonry 
and Reinforced Concrete were published in the March, 1935 Proceedings; 
the Third Report of the Committee of the Sanitary Engineering Division 
on Water Supply Engineering appeared in the April number, and a Progress 
Report: of the Committee of the Irrigation Division on the Conservation of 
Water was published in the December number. The Annual Report of the 
Board of Direction was also published in the February, 1935, Proceedings. In 


addition, there were published in 1935 Proceedings, 32 papers, together with 


the discussions thereon, as well as a number of discussions of papers published 
in 1933 and 1934, a total of 264 discussions. Subject and Author Indexes 
for the year were included in the December number. 

Members and others who took part in the preparation of these papers, 


‘reports, and the discussions, thereon, totaled 335. 


Civil Engineering —Twelve numbers of Cvvil Engineering were issued for 
the year, two of which, the March and April numbers, contained the abstracts 


of papers and reports of committees delivered before the Annual Meeting of : 


the Society in January, 1935; another, the September number, contained the 
abstracts from the Los Angeles Convention held in July, 1935, and a fourth, 
the December number, contained similar abstracts from the Birmingham Fall 
Meeting in October, 1935. The remaining eight were regular numbers. 
Including the abstracts and committee reports 139 articles in all were pub- 


lished during the year. In addition to these, 20 brief articles appeared under 
the heading, “Engineers’ Noteboook”, and 104 discussions of articles and 


comments from readers were published in the department headed “Our Readers 
Say”. Concerning “Society Affairs”, 247 separate items were printed; three 
complete programs of the meetings of the Society held during the year; and 
99 “Items of Interest” not specifically relating to activities of the Society. 
Also were included reports of 180 Local Section meetings, and 97 reports 


from Student Chapters on their activities. Previews of 40 papers to appear 


in Proceedings were published; together with 120 reviews of books recently 


donated to the Library; and about 1 200 brief items indexing selected articles - 
-as they appeared month by month in the technical periodical literature. 


During the year 250 changes of addresses or employment of members were 


recorded; notices concerning the availability of 323 engineers for employ- 


ment appeared; and in the December number obituary notices of 19 members 
recently deceased and a complete index of the contents of the twelve numbers 


‘in Volume 5 were published. 


Memoirs.—The publication of Memoirs of Deceased Members in Proceedings 


~ was discontinued in October, 1930, at which time a pamphlet form of memoir 


= 


was adopted, with final publication in Transactions. Approximately 600 
memoirs have been issued in pamphlet form, all of which have been included 
in Transactions, Vol. 95 (1931); Vol. 96 (1982); Vol. 98 (1983); Vol. 99 
(1934); and Vol. 100 (1935) 


: 
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Stock of Publications—The stock of the various publications of the 
Society kept on hand for. the convenience of members and others, now amounts 
to 204 115 copies, the cost of which to the Society for paper and press work only 
has been $29 944.38, which allowing for depreciation and obsolescence is 
carried on the books of the Society at a valuation of $11 977.76. 


Cost of Publications—The table (see page 11) shows the cost per page 


and illustrations in Proceedings and Transactions for the past seventeen years 
(since and including 1919), and in Civil Engineering for the past six years. 

Topics Discussed in Publications—The various topics developed in T'rans- 
actions, Proceedings, and Civil Engineering during the year, and the number 
of pages devoted to each, are as follows: 


Civil, 
Subject Transactions, Proceedings, Engineering, 
pages pages pages 
Bonde s, pci ticee an Dievees oc. ati mrnyele's ginieronteisacabeteisiell miotalets) ale eyeiesazo Nl brelotsiels alaisteleiat= 5 
City, State and National Planning .........2.00- sees see] caeececevees [eweriersececs 30 
(COR in io re Oe aa ee nar anne a aaurnd lees pacetes 6 25) ft sceih sce ete enetenenate 
PRINS re ie ero once shiols <ellaye tous To ietvg fol Sah steal dvniietio Phar cMale fo fs 286 208 38 
JO} (SSS Dio at ett RS Ee te cre aee Rates TOO. c.ore | matocogdom ae ll Pata nape Son 6 3 
Drainage-andi Irrigation }s 6 secs oc viele oles da einer sele 81 97 eo. eee 
DAFT WOPKGae Sake ciclo, cpcloue Dicreieiscneidvese (eke ose he Milas folotameaetate 17 5 > concen 
Bducation +86 oes a. cabana oe te ce Ones ale ehele: cncifd iavelstebie.s aieteante | ae eee eeey e S 2 
Engineering History... 0.0.00 see veces cee scenes 2Oi a Js Calle ae kiasere meeps. 33 
Mngines ANG WP NgINGErins yal. sje ctelele fe apeiste avers iclseia ||! etaratets cfatevererate Ulf eke retetere va iereteners 4 
Lip Pitas in tienes a ae Dn OE gare a eee Ee te et a aeeel | LA ee ie Grea 88)... "ll. cisietennc ere 
VGUEWIBLIONS fos cae ces etek: cate. cole ae eienty ints 91 52 15 
(CN bya eon See On OOO CITC Mae DOU aE Arm arr Ih weminditaghoktrd 3 seats «Pheer 5 
Highway Engineering so... 0c cece nce comers essen as 68 27 33 
Hydrology, Hydraulics sivas. io nisms lett et <"eeyae ewe sae) gie 171 156 6 
NL aviney ISOTOLSi(c soatcce he ee are ee te cie.b Sietays ote tinier ee) tus, fe Al Mal mtankemtars tae vein yayeransamereeetanetens 1 
Materials 6f Constructions shes odes clita 8's Gitionsqexene ares all, Camerata sles cbotarenaan Wbetecabeis o.sietautees 10 
ING ad rin hn een rere APS cor ae | Worr otic oti BeetAticits Sa Bir. 1 
IWeOMmOIrah chaste cictivere ls cig.erstar eiskelsisc due =. abort: 2s yaveibarererss yr Rey Wes NI Sen 
Meteorology Rijs cb cet ewaasvesweessnecne ves 99 71 7 
IPRricaSTGNE AP WAYS che a0) ny sierolsczapsko olay enattcanaisiaclane palo acete || Maustaitlt ohAeisisiex sul acre eae ee rent aLaeeS 4 
POW OLNE LANES oe enc Shacee ciek oan tet cette Seine. cieke sien ell | eerarcke creme tats as 18 2 
Rat T OSB sts cle eteirics ait c.ossisiassrscgiefopace, Doral spel Aodciete ||” mgateteee Riedye ocala ae eienaten aera ae 9 
Real Property. h nteat van heer aah bs ecw wie icy Teen lice ate sttte stort aie c. | ites eee ene 3 
Refmporation 26 erminals) 5S «lars +5 veccshaonsuavatetabe uc eevee ican | ige ware cote ocaaneeee ac LUNs cee halen ieare 5 
Raehise Disposal ss. ss cokacve Cale ne cloae miners ts orleels ZOE Sf ateahe joie aerate ote | Rotor ee 
Resear ASt Ss ois crie pect a metataiers atntebegips APe se ce ened easel tat ealeaena often TR eee 5 
Safety, Methods. cog cwtieces se cakdte os § a aevee orducrsio.cre casi litre niehcarcsecnere atten ei leccene ae etn 1 
SADACALIONS cccra's Sie rwdecs''s Serrated ei euededoawle dtel pio ho is aston le:| Pe orae eie ere CL mith we ieee ter een 11 
Sewage TIspOsAal iis. c.. «cswts ore cine gaietebeiete oielrbisfein eines. se || pepelmaatle sretciaiee | permeate nee 27 
BOCIOUP EA A AITS 610,05 Seas shore ha ahsy sath: omy sear eokyeitele sabe iesetaets 4] Mienabose ween te c 21 169 
SSDEIB epee acid Fe Spnichate aint olor Segacecrieleheenten & meluaeleienels DA |W sieve eer ererere 2 
Stirickural Vang meerinie 2,%.).stste sso eye da vba. Festal sto dats ie 508 652 96 
Bear Feak ch dora cate Noam ale col ey oe Mane i irclee care rns bel Lai ce te RA ne ete 3 
UV OVATUD stirs eid SVR BYSSb 0 Hv (Si. cUlsta said iollo, Mateerety © Biaremtiels ebro. eNaiare eras otet eee 2 

BUSINESS ER costae se bp hasta osm ed crete & eseredratcn eibintalaes GAR aoa It Tea ks CREE hc eae ote eo : wie See a4 
MT TRNSPOLLALION.:5.0 drs eraeced hy eye ae alee Sere ete Sere Ll ee Gee eee ee ee ee 14 
WV BLOM MIGCOLB . ccisicicje oo ai thays: one ee lade, ote, Stele tye lb Rie MMe eT cistern e, aeiete cea” me reraeaec anand meant x 
WraterAPowents «35.012:e%s sysieds.c. 0s Szhaaals Yo eine ips es we atbtevapenons 60 6 5 
WAGOEISIED DIY: 6.6 cass: cece ue. vio boise v1 elope Sexe a oye wus Cueur oie ta | | bane, ot ete ete 12 34 
WIEEOP WOW At: Tobe + .a.tis hal Sette Was Rates . As ee eens 34 102 40 
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Summary of Publications for 1935 


Average Total : 
Issues edition pages Cuts 


Proceedings (monthly numbers).........-- 10° 18970" “1,616 584 
Civil Engineering (monthly numbers)...... 12 13983 21402 983 
Transactions Vol. 100........seeeeeeeeees 1 18280 1844 560 
Martial NOs Ll sy ehastes Suse lets seucielovens be ipiegellotelee 1 16000 40° 2 os ome 
Weare Book es age eee case ele ealemeiniers 1 16300 472 4 
Separate (“Mapping for National Planning”) 1/8000. “ni- SS eeee 
Separate (“Fees for Engineering Services”) . 1 17000 12 “ 

POP A tee iad sate ee teva be eine toiehe Wis, seesepenate skewers PO kad ae 5 144 2 182? 


The gross cost of publications, as determined by the bills actually paid 
during the year, has been: 
Technical Publications aii Salaries of Editorial a $115 200.44 
General Publications ...... EPONA SR IN | 5 525.89 


Motels’: «che ee Oe ee eee se ere ee lnc oe RS) e $120 726.33 


READING ROOM OF THE SOCIETY 
The attendance at the Reading Room during the year was 2 076. 
Two hundred and fifty-seven periodicals are regularly received. Included! 
in this number are many foreign periodicals, also a number of literary maga- - 
zines and several daily newspapers. 


MEETINGS 

Five meetings of 7 sessions were held during the year, as follows: Att 
the Annual Meeting, at New York, N. Y., 1 (1 session) ; at the Annual Con- 
vention at Los Angeles, Calif., 2 (2 sessions); at the Fall Meeting at Birm- - 
ingham Ala., 2 (2 sessions); and 2 regular meetings held in Engineering } 
Societies Building, New York, N. Y. , 

At these meetings there were presented three papers, one Symposium, four ’ 
Reports of Committees of the Society, and three Addresses. ‘ 

The total attendance at the meetings of the Society during the year was | 
approximately 3060. The registered attendance at the Annual Meeting was | 
1854; at the Annual Convention, 798; and at the Fall Meeting, 401. 

The dates of the meetings of the aaaien during the year, together with the 
' titles of the Papers, Symposium, Reports, Addresses, etc., presented thereat 
were as follows: 

January 16, 1985 (One Session): Reports of Committees on Congres and 
Reinforced Concrete Arches’; Earths and Foundations’; Flood Protection 
Data’?; and Hydraulic Research? 

March 18, 1985 (One Session): Business Meeting of the Society. 

July 5, 19385 (Two Sessions): “The Development of the American Society 
of Civil Engineers”, Address by Arthur 8. Tuttle, President, Am. Soc. C. E.* : 
“The Romance of the Ranchos of California”, Address by Palmer OC. Conner, 


1 Transactions, Am. Soc. C. E., Vol. hues ; E0Ee) p. 1427. ' 
2 Civil vit ae arch 1935, p. 
8 Loc, cit., 69. 


EW ransunnonn Am. Soc. C. E., Vol. 100 (1935), p. 1407. 


‘ 


ae 
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Esq.; and the following papers: “Physiography of the Los Angeles Metro- 


‘ politan Area”, by A. L. Sonderegger, M. Am. Soc. C. E.; “Engineering Con- 


tributions to the Development of California”, by J. B. Lippincott, M. Am. Soc. 
C. E.°; and “Engineering Outlook for Southern California”, by Raymond F. 
Goudey, M. Am. Soc. OC. E.° 
October 16, 1985 (One Session): Business Meeting of the Society. 
October 16, 1985 (Two Sessions): “Part Played by the Engineer in the 
Development of Alabama and the South”, Address by Dr. Lee Bidgood"; and 
a Symposium on “The Past and Future Development of the Southeest”.® 


MEDALS, PRIZES, AND AWARDS 

The award of Medals and Prizes for the year ending July, 1935, was as 
follows: 

The Normal Medal to the late David Christiaan Henny, M. Am. Soe. C. E., 
for his paper entitled “Stability of Straight Concrete Gravity Dams.” 

The J. James R. Croes Medal to A. T. Larned and W. S. Merrill, Members, 
Am. Soe. OC. E., for their paper entitled “Actual Deflections and Temperatures 
in a Trial-Load Arch Dam.” 

The Thomas Fitch Rowland Prize to W. H. Kirkbride, M. Am. Soe. C. E., 
for his paper entitled “The Martinez-Benicia Bridge.” 

The James Laurie Prize to Wilson T. Ballard, M. Am. Soe. CO. E., for his 
paper entitled “Three-Span Continuous-Truss Railroad Bridge, Cincinnati, 
Ohio.” 

The Arthur M. Wellington Prize to Hawley S. Simpson, M. Am. Soe. C. E., 
for his paper entitled “Use and Capacity of City Streets.” 

The Collingwood Prize for Juniors to C. Maxwell Stanley, Jun. Am. Soe. 
CO. E., for his paper entitled “Study of Stilling-Basin Design.” 

The Rudolph Hering Medal of the Sanitary Engineering Division to John 
H. Gregory, Orris Bonney, Robert A. Allton and the late Robert H. Simpson, 
Members, Am. Soc. ©. E., for their paper entitled “Tntercepting Storm Sewers 
and Stand-By Tanks at Columbus, Ohio.” 


LOCAL SECTIONS 
The number of Local Sections, 57, is unchanged since last year, no Sec- 
tion having been organized or disbanded during 1935. 


TECHNICAL DIVISIONS 

All but one of the Technical Divisions of the Society held sessions during 
the year, either at the Annual Meeting in New York, N. Y., in January; 
the Annual Convention, in Los Angeles, Calif., in July; or at the Fall Meet- 
ing, at Birmingham, Ala., in October. Of these meetings seven were double 
sessions of which two were held jointly with similar Divisions of this, and 
other Societies, at the Annual Meeting. 

The meetings of the Divisions were marked by good attendance and interest 
and by an excellent group of technical papers. 


5 Civil Engineering, September, 1935, p. 540. 
6 Loc. cit., p. 545. 

7 Loc. cit., December, 1935, p. 742, 

8 Loc. cit., p. 745 et seq. 
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City Planning Division’ 


January 17, 1935 (Two Sessions): “Milwaukee County Park and Parkway — 


Development, a Depression Activity”, by William F. Cavanaugh, Assoc. 
M. Am. Soc. C. E.; “Must Planning Go on the Shelf During a Depression” ? 
by Russell V. Black, M. Am. Soe. C. E.; “City Planning Surveys and Research 
with FE RA Funds, an Unparalleled Opportunity”, by T. T. McCrosky, Assoc. 


M. Am. Soc. ©. E.; “City Planning and the Problem of the Slums”, by © 


Maurice Deutsch, Esq.; “The Real Property Inventory—A New Tool for the 
City Planner”, by Howard Whipple Green, M. Am. Soe. C. E.; “The Develop- 
ment of the Art of Traffic Engineering”, by Sidney J. Williams, M. Am. Soe. 
GO. E.; and-General Discussion: “The Relation of Local, Regional, County, 
and City Planning Agencies to State Planning” by Jacob L. Orane, Jr., Arthur 
C. Comey, George H. Herrold, Harold M. Lewis, and M. W. Torkelson, Mem- 
bers, Am. Soc. C. E. 

July 4, 1935 (One Session): “Objectives and Progress of State Planning 


with Special Emphasis Upon the California State Planning Board”, by L. — 


Deming Tilton, Esq.; and “Use of Plans and Planning in Programming by 
Emergency Public Work”, by William J. Fox, Assoc. M. Am. Soe. O. E. 


Construction Division’ 


January 16, 1985 (One Session) (Joint Session with Highway Division): 


“Highway Design and Travel Speeds”, by E. C. Lawton, Esq.; “Relation of | 


Uniform Traffic Code to Highway Safety”, by A. B. Barber, M. Am. Soe. 
C. E.; “Separation of Ways”, by Robert H. Ford, M. Am. Soc. C. E.; and 
“Safer Highways”, by Joseph J. Darcy, Esq. 

July 4, 1985 (One Session): “Morris Dam”, by Verne L. Peugh, Assoc. 
M. Am. Soc. C. E.; “Aqueduct Tunnels”, by J. L. Burkholder, M. Am. Soc. 
C. E.; and “Large Siphons Under High Heads”, by N. D. Whitman, Assoc. 
M. Am. Soe. C. E. 

October 17, 1935 (Two Sessions): “Low-Cost Highway Construction in 
Tennessee”, by Frank W. Webster, M. Am. Soc. C. E.; “Low-Cost Road Con- 
struction and Stabilization of Bases”, by C. A. Hogentogler, Assoc. M. Am. 
Soe. C. E.; “Construction Methods on the Lake Okeechobee Drainage Project, 


re 


Florida”, by Earl I. Brown, M. Am. Soc. C. E.; and “Construction Methods .— 


at Norris Dam”, by Ross White, M. Am. Soc. OC. E. 


Highway Division? 
July 4, 1985 (One Session): “Observance of Traffic Control Devices and 
Regulations”, by William G. Eliot, 3d, Esq. 


1 Civil Engineering, March, April, and September, 1935. 
4 Loc. cit., September, 1935. 


ee ee ee 
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Irrigation Division? 

July 4, 19385 (Two Sessions) : “Variations in Run-Off of Western Streams”, 
by S. T. Harding, M. Am. Soc. OC. E.; “Present Construction in Western 
Water Conduits—from the Viewpoint of Capacity and Flow Conditions”, by 
Fred C. Scobey, M. Am. Soc. C. E.; “Selection of Material for Construction 


- of Rolled Earth-Fill Dams”, by Charles H. Lee, M. Am. Soc. C. E. 


Power Division® 


January 16, 1985 (Two Sessions) (Joint Session with the Hydraulics 
Division of the American Society of Mechanical Engineers): ‘“Bentzell 
Velocity Tube”, by F. H. Falkner, Jun. Am. Soc. C. E.; “Pitot Tube Prac- 
tice”, by Edward S. Cole, M. Am. Soc. C. E.; “Comparative Measurements 
by a Venturi Meter and a Ten-Foot Weir’, by C. M. Allen, M. Am. Soe. 
C. E., and L. J. Hooper, Esq.; “Engineering Design Features of Norris Dam 
and Power House”, by Barton M. Jones, M. Am. Soc. C. E.; “Engineering 
Design Features of Wheeler Dam and Power House”, by Wilfred M. Hall, 
M. Am. Soe. C. E.; and “The Regulation of the Tennessee River”, by James © 


- §. Bowman, M. Am. Soc. C. E. 


 * 


July 4, 1985 (One Session): “Recent Advance in Steam Power Plant 
Design”, by Thomas T. Eyre, Esq.; and “A Modern Diesel Engine Generating 
Plant”, by Howard McCurdy, Assoc. M. Am. Soc. C. E. 


Sanitary Engineering Division * 

January 17, 1985 (Two Sessions): “Sanitary Engineering Experiences 
in the Operation of a Large Industrial Enterprise”, by A. Clinton Decker, 
M. Am. Soc. G. E.; “Status of Sewage Disposal for New York City, with 
Special Reference to New Projects”, by Richard H. Gould, M. Am. Soe. 
CG. E.; Report of the Committee on Filtering Materials: Sand for Water 
Filters, W. E. Stanley, Chairman; Report of Committee on Water Supply 
Engineering, T. H. Wiggin, Chairman; “Pre-Treatment of Sewage for Grease 
and Oil Removal”, by Harrison P. Eddy, Jr., M. Am. Soe. C. E.; “Principles 
of Spray Drying, with Special Reference to Sewage Sludge”, by C. L. 
Riley, Esq.; and “The Chemical Treatment of Sewage: Its Present Status 
and Possibilities”, by Linn H. Enslow, Assoc. M. Am. Soc. C. E. 

July 4, 1985 (One Session) : “Improvements in Chlorination at Los 
Angeles”, by Ray L. Derby, Assoc. M. Am. Soe. C. E.; “Sludge Disposal and 
Odor Control at the Pasadena Activated Sludge Treatment Plant”, by Harvey 
W. Hincks, M. Am. Soc. C. E., O. H. Hedrick, Esq., and William A. Allen, 
Esq.; and “The City of Oakland’s Experience in the Disposal of Refuse at 
Sea”, by Walter N. Frickstad, M. Am. Soe. C. E. 

October 17, 1985 (One Session) : “Experiments in Sewage Treatment at 
Atlanta”, by M. T. Singleton, M. Am. Soe. OC. E., and G. R. Frith, Esq.; 
“Malaria Control Work in Alabama and the Tennessee Valley”, by W. G. 
Stromquist, M. Am. Soc. C. E.; and “Chemical Precipitation of Sewage”, by 
H. H. Hendon, Assoc. M. Am. Soc. (Olewihe 


2 Civil Engineering, September, 1935. 
8 Loc. cit., April and September, 1935. 
“Zoo, cit., March, April, September, and December, 1935. 
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Structural Division*® 


January 17, 1935 (Two Sessions): “Common Sense in Structural Design” : 
(1) “From the Academie Viewpoint”, by Hardy Cross, M. Am. Soe. C. E.: 
(2) “From tue Viewpoint of the Bridge Designer”, by Glenn B. Woodruff, 
M. Am. Soe. C. E.; and (3) “From the Viewpoint of the Building Designer”, 
by Albert Smith, i Am. Soe. C. E.; Final Report of the Committee on 
Concrete and Reinforced Concrete wxahes Clyde T. Morris, M. Am. Soc. 
CO. E., Chairman’; Progress Report of the Committee on Masonry and Rein- 
forced Concrete, Hale Sutherland, M. Am. Soc. C. E., Chairman’; and “The 
Pressure of Concrete on Forms”, by Harrison G. Roby, M. Am. Soc. C. E. 

October 17, 1985 (One Session): “Design Features of the Mississippi 
River Bridges”, by Harry J. Engel, Jun. Am. Soc. C. E.; “Unique Features 
of Design in Connection with the Construction of Fifteen Toll Bridges in 
Alabama”, by H. H. Houk, M. Am. Soe. OC. E.; and “Bessemer High School 

Stadium”, by W. N. Woodbury, Esq. 


Surveying and Mapping Division® 


January 16, 1935 (One Session) : “National Planning Compels National 
Mapping”, by Frederick H. McDonald, M. Am. Soc. OC. E.; and “Proposed 
Systems of State Surveying and Mapping Information Bureaus”, by J. S. 
Dodds, M. Am. Soc. C. E. 

October 17, 1935 (Two Sessions): “Surveying and Mapping in the Ten- 
nessee Valley”, by N. H. Sayford, M. Am. Soc. C. E.; “Permanent Value 
for Highway Surveys Through Geodetic Control”, by J. C. Carpenter, M. Am. 
Soe. C. E.; “Local Control Surveys of the U. S. Coast and Geodetic Survey 
in Alabama”, by J. A. OC. Callan, M. Am. Soc. C. E.; and “Locating the 
Southern Natural Gas Pipe Line by Aerial Maps”, by N. R. McKay, Esq. 


Waterways Division® 


January 16, 1935 (One Session): “The Recent and Proposed Improve- 
ments of the Cape Cod Canal”, by E. ©. Harwood, Esq.”; and Increased 
Activities of Marine Wood Borers on the New England Coast”, by the late 
Frank C. Shepherd, M. Am. Soe. C. E. 

July 4, 19385 (One Session): “Development of Los Angeles Harbor”, by 
Gerald C. FitzGerald, Assoc. M. Am. Soc. O. E.; and “The Salt Water Barrier 
Below Confluence of Sacramento and San Joaquin Rivers—Effect on Floods, 
Salt Water Intrusion, and Navigation”, by Edward Hyatt, M. Am. Soe. ©. E. 

® Transactions, Am. Soc. C. EB., Vol. 100 (1985), p. 1427. 

7 Proceedings, Am. Soc. C, H., March, 1935, p. 341. 

8 Civil Engineering, March, April, and September, 1935. 


® Loc. cit., March, and September, 1935. 
10 Proceedings, Am. Soc. C. E., October, 1935, p. 1171. 
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MEMBERSHIP OF TECHNICAL DIVISIONS 
City Planning 


Hohe Gans ict Sei Bs Ae ea 1 510 
COTIET DG TST) Aba oa ot BOR 2 729 
Engineering-Economics and Finance......... att BIT 
TINIE E JP ie rade Sg Oto ene 2 245 
BOR Ps ACI. Ak EN os Laka led eoat VOLE larry 983 
UERGL” 1 2 ea ernie) a ee 898 
Paoihary Hogineerin gy), 0 costs soe. Se ves sad. 1° BEI 
Mperretr ale wit, smears phos cite rr ecb. bel ee lt 2 830 
plitrevmarand! Manping eds dials.) otros... 1 088 
SINCE iyo Ro aa a a Ra nt ea 931 

ecient a. cero abate ot 2 weeded Ma eh 15 392 


STUDENT CHAPTERS 


There are at present 112 Student Chapters. The following were organized 
during 1935: 
Utah State Agricultural College 
Dartmouth College 
Brown University 


The reports of the Secretary and Treasurer are appended. 
By order of the Board of Direction, 
Gerorce T. Smapury, 


Secretary. 
January 13, 1936. 
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BALANCE SHEET AT 
Hack: ASSETS 
In banks and on hand........-+++++++> $29 714.78 
On deposit with U. 8. Post Office....-- 200 00 $29 914.78 


Marketable securities, at cost and ac- 
erued interest ($36 032.09 at market 


quotations and accrued interest).......++02+eeee 39 817.82 
Accounts Receivable: 
BNL GETLD ELS: sereceicn «iachciesewele seis 'o eis sien sieie oieieis 53 032.11 
Non-members ....----eeseeeeesesteee? 1 918.02 
54 950.13 
Less, allowance for doubtful accounts. 45 000.00 9 950.18 
Inventory of publications on hand, at cost 
less reserve for unsaleability......--.+--eseerer trees 11 977.76 
91 811.22 
Due from The Freeman Fund.......-+-++++seerceeee 185.83 


Real Estate: 
Interest in real estate and other assets of 
United Engineering Trustees, Inc., ex- 
elusive of trust funds, at book amour 496 948.48 
918-220 West 57th Street, New York, 
N. Y., at book amount, less reserve 


for depreciation NICE. Sh eae 592 798.24 1 089 746.72 
Furniture and office ame es less reserve 
for depreciation. . ei SPE i OANA Pn eee eee ios Ban 7 296.40 
Library (at book Se 
Cash expended for Rehins Eb Cancteoyd teens 99 122.22 : 
Donations ......- ee ae MoO LOBOO 94 433.05 $1 283 473.22 


Fund Dei canis 
The Fifty-seventh Street Property Fund: 
Marketable securities, at cost 
($88 188.44 at market quotations). . 97 147.99 
Accrued interest. ......-.-ceeececeee 943 .'75 
Uninvested cash........... cece eens 8 608.89 106 700.€3 
The Freeman Fund: 
Marketable securities, at book amounts 
($21 571.19 at market quotations).. 20 971.97 
Less, amount due to general fund. 185.83 20 786.14 
J. Waldo Smith Fund: 
Marketable securities, at par value oe 859.388 at 


fae 


market quotations). . ca 20 000.00 
Merritt Haviland Smith, Memorial 1 "Fund: : 
Cash in savings bank. . aie Neral a Raeeete 1 259.35 ' 
Rudolph Hering Medal Fund: 1 
Cash in savings bank...........- a Bae 498 .48 149 244. 6( 
Assets applicable to -unespended eae a income: ’ 
Cash in banks. . eR EV RORM Te viske ciecicts cetoeierene 6 003.05 ; 
Accrued Se Pepant’ oso « OF te ee ee 100.31 6 103.36 


l= | So gia 


To tHE Boarp or Direction, 
American Society or Civin ENGINEERS: 


© eee -«| 


We have examined the accounts of AMERICAN SocteTy or Crvit ENGINEERS as 
therein, and subject to the reasonableness of the amounts at which real estate an 
condition of the Society at that date. 


New York, January 8, 1936. 


had” dada 
ot 
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JECEMBER 31, 1935 
LIABILITIES AND Funpg 
Accounts DUG Che Ce Se eee cn $1 014.82 
936 membership dues paid in advance.... 45 002.56 
Jther member and non-member credits... . 1 104.31 $47 121.69 
-rizes, library and compounded dues fund 23 852.50 
Berco"Noble Fund... 5.0.0... ccc cee 16 342.55 40 195.05 
Jurrent fund surplus, including amount arising from 

Sevarmatton of real estate. 22. .c6..00. cece es evade ces 1 196 156.48 $1 283 473.292 
Tunds : 

The Fifty-seventh Street ere Mkinixele' oa aS oo aha 106 700.63 

The Freeman Fund.. MES hc oe hie tgs he 20 786.14 

J. Waldo Smith Pune: Se See 20 000.00 

‘Merritt Haviland Smith mestene feecehe Siento nhs 1 259.35 

Rudolph Hering Medal Fund...................00. 498.48 149 244.60 
Inexpended Balances of Income: 

Committee on Stresses in Railroad Track........... 60.28 

Freeman Fund income and expenses. erates 1 581.80 

Special Committee on Earths and epeetatiens Sedouatay & 659.81 

Power Division. . MEP cits Sacten Stns oan ha avila fies 2 424.28 

City Planning Tyivicioal pron see ogc Ne Make teats s gshouanals 592.79 

Surveying and Mapping Divison. Absit oy Bees ae 90.00 

PAdired Noble Fund, not released............0.e000 55.00 

J. Waldo Smith Fund income and expense.......... 639.40 6 103.36 


$1 438 821.18 


er 31, 1935, and, upon the basis of carrying securities at the amounts as stated 
cae included in our opinion the above balance sheet sets forth the financial 


LysranD, Ross Bros. & Montaomery, 
Accountants and Auditors. 
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GENTLEMEN :—I have the honor to pr 
There is also appended a general Balance 


ANNUAL REPORT OF THE BOARD OF DIRECTION 


REPORT OF SECRETARY FOR THE 
To tHE Boarp oF DIRECTION OF THE 


RECEIPTS 


Qash on hand January 1, 1935. ..---+++e+eeer ees 


Wntrarice Heed a6 iis due. «oe Sale sayy Fetes Seles + esis aire « 


Sarront Ues . 6 sd even bu ecte se we eee eye ek ers mee 


Past Dues . 


Miche vals "Ole taliel wh Ce jteve, Of (e, © xm Ww ke, 488 One e) OCRR SE Tay 


TAGIVATICE DDUGH sis witlet 6% we shuld Hie yn cele « gbineiaecsy = ® 
Sale of Publications.........+-+seeeseersceecees 
Binding for Members......+-++++eseeesterrsretts 


Badges ...- 


hang eibhelcvete v's) nas lo te*olevelieteteto~e oRelerenenemes’ aera ie 


Anrrial MeCN (oc is0 spss csces Spence #8 sees ieee 


Interest on Investments.......+sseeeecreceereees 


Postage ... 


Advertising 


ea ata.de ont '0}s)'s) he muars ola ip terrererels @ i iaieh ees eles © ules 


is Hoke oie ieee map y@inr Suerte d gots ea je) a6 Je, exe SAP) eRe Ry © Bg 


Miscellaneous ary 
Income from 57th ented comer 
Credited to General Receipts.......- $46 000 


Credited to 57th Street Property Fund 6 500 


Society Investments: 
Sale of Securities... 2.0 cce eee eee reece eeeeee 
Accrued Interest .. 1.2... ccc ceeccccee rec cec’ 
The 57th Street Property Fund: 
Sale of Securities. sc. ccc see nccentes selene 


Interest 


OU HECULILLES oo iielel=Iaircisenele eV aleleb-tatars == 


The Freeman Fund: 


Income 


oleae a pibpr Oe ee tier erat erste 900s @legete S75) .9) 08 te ete 


The Alfred Noble Fund: 
Interest on not Released Funds..........++++- 
The J. Waldo Smith Fund: 


Interest 


oboe eee ole tex 4 6)miat Ss, 6 Ble! mora gare aia) One 10) aie! Pee 


City Planning Division: 


Interest 


elie a 4,016 8.10 h0 vets Wyete ts 16 a 0 ee) 68 ef 6 C6 help e7s) (ome ieie 


Power Division: 


Interest 


ple apt die a 6 eievers 6 sla sue! 6, 5161.50 |¢ je) 470/16) 076) 2 1618 Ra0e) 8 


The Rudolph Hering Medal Fund: 


Interest 


cl Stale © CeKeve bree pae 608 see Sa) 66 8 0.6) 8 2 eB rery, 679 


The Merritt H. Smith Memorial Fund: 


Interest 


$14 965. 
166 476. 


625. 


11 


29. 


Society Affairs 


.00 


18 
.56 


15 
02 


.98 
.82 


42 


00 


94 


64 


67 


46 


esent a statement of Receipts and 
Sheet showing the condition of the 


$44 290.57 


402 498.67 


$446 789.24 


an ein i 


eae 
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is YEAR ENDING DECEMBER 31, 1935 
_ Amerioan Society or Crvin ENGINEERS, 


_ Disbursements for the fiscal year of the Society, ending December 31, 1935. 
affairs of the Society. 


Respectfully submitted, 
Guorce T. Srasury, Secretary. 


i | DiIsBURSEMENTS 
Mote Oticeraa. sr soy. SAT tee $19 475.00 
Retirement JSG: TGS, Gt Rea Ae eke nea eR 2 086.80 
ar TNE cha SA ae Si aia nl ne i 74 082.05 
_ Traveling Allowance of Officers..... MET EGA OE haces oe 22, 399.52 
RE rece pre 1S Ne Ene EAT OAR city ot fhe 13 532.64 
EIEN. RMA ee cal ath iN a a eR a 1 985.66 
'General Publications .......... 5 525.89 
EO get nes Rae ei i Sa hed eit NS or se en Lovee 
EE co GE MR Cg el a ce 6 289.00 
EM Pine, Sh ane ees al eyo mae eats MOEN bo, 3 392.91 
‘ (GSS A a AA el el aA ao ee 2 492.80 
RE eR ye ere CRI Th nek s fine Ga ee LORE at 3122 
CIE MZ crete eed eh ain Wh sal co WR ee eee ee bee 452.34 
MMMM IIES ek. Pea a eh Sb tee oot ee ee ree ee ell 3 492.18 
Mernicure and Ofice Mquipment:+:. 00. 2.2090 0. bbee os ded elvan 2 064.36 
RE RAS ISIN CES en Pay h ieee sais in os hil Sov va Von, 3 045.17 
Peete Ie 2. kik Vox eet Cok x SEN ROE Oe bes 804.69 
PTET re ke es eas: Wh Sew £6 Late oS 28 ge cuca Sa ab bn hee 432 .45 
CCR TC erate ee 2 ue CP ie 1442 
MH OVINET UADCrY1CO> LNsth Ais eas. Mie ee Se he CASIO een 5 352.38 
Ryan etter SE bhi wes OCU edi amie ole ad bond « 8 774.88 
mamerican Standards Association..........0c.cesccavceeccsveus 500.00 
BS ectronsy ewe ote css ee Orbos le ulna whedon cameiak eed 9 668.79 
Beechnical Publications ...........0.-.+. 08% peas ee ers ad ale 115 200.44 
MERE CURET RE: eR toc fe oe cick tes 4% Sots ike Ube ht ode ee 9 067.78 
Ree ETAL ET VAGTONS cyte vion vase teisiemek ode sho 6 sin, thoie lovers srallalehca eeteiarbiee 4 149.12 
Me HaCali CO OMIMITLEES: oh 2 vis. 0cjslbie ds ocleS gee soho aes b Lajemltlee ie ces 3 326.08 
Mmarmmrstrative Committees . .<..)<+. « oo = dc trea s opettn aetale s 1 293.90 
Professional Committees ...............0005 oD enesaticy Oe eer st agile 1 605.57 
Bamerican Mngineering Council... .......0. iss ass eevee pide e ce ole 10 000.00 
I SICTICN GV CAGUG ofan. seis cil sos ise e Ws ele dios 5's PWR ae'ds 510.88 
Seremment to U- H. T. for Library Stacks... . 0.6... 260% tases bee 2 500.00 
Society Investments: 
AMNGHASE HOLS OCTITIGICSiae i 5 c0c sictalote ssh Sikcase selwee ealone cei sue 47 785.00 
Av ecerennaials UBS HES aE] Re Tome APS co sees cr AMIE PC, Coe I ER eanes Ace ER 
The 57th Street Property Fund: 
PTC HASSE OL CCLINULLES ote aia cione often cwilleit s wlaleisie lense fot suave sa « 12 935.00 


The Freeman Fund: 
Se Principal.(Purchase of Securities).........-.0ccseeeeeces 2 097.50 
Mem MER PONSC. - piv ipdls seg se sad aje v@ ase ae te Uk wens 700.50 
(he Rudolph Hering Medal Fund...............-.eeeeeeeeeees 56.22 
3 ~ $400 704.69 
Cash on hand December 31, 1935........... See ee ye ek 
\ “$448 789.24 
4 ‘ SSS 


; @ 
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Tremizep STATEMENT OF CASH ON Hann January 1, 1935 


Society Funds in Chase National Bank 23d Street. $21 030.30 
Society Funds in Chase National Bank 41st Street. 500.00 
Society Funds in Railroad Cooperative Bank.....- 62.21 
Petty Cash (in Hands of Secretary)...-+--+eseeee 5 000.00 


The 57th Street Property Fund.....--+--+ssrrrssrsssrrer te 
Power Division si enches sbe tp owen etme +s <2 chee a? eae 
City Planning Division.....-------- SaaNR volt Se A SRD IRE GROOS' 
Surveying and Mapping Divisions po soe das wos cles cen gnaesneees 
Special Committee on Stresses in Railroad Track......+--+-++++: 
Special Committee on Earths and Foundations......----++-+++: 
Special Committee on Concrete and Reinforced Concrete Arches 
The Freeman Fund: 


Principal .....2+eeseeee eee cereees a Re ead IR $492.85 
Income and Expense Account.....-+-+++++ee> 1 189.22 
The Alfred Noble Fund: 
Wot EReIGASEC) wisis b-els o's. ode prom sare sib 10 masie, Sin Some ol 
The Merritt H. Smith Memorial Fund: 
Principal sf... ba cos sie csinn spe ebe oe teins $1 076.50 
Income and Expense Account.....--++++++++> 153.39 
The Rudolph Hering Medal Fund: 
Principal pie sone r cnc lne emcees sus ed wn se Sh ss $455.97 
Income and Expense Account......--+-++++++> 87.06 


—— 


$26 592.51 
9 218.72 

2 367.64 
578.85 
90.00 
60.28 

1 402.46 
525.12 


1 632.07 


55.00 


543.03 


$44 290.57 


Tremizep STATEMENT or CasH oN Hanp DECEMBER 31, 1935 


Society Funds in Chase National Bank 23d Street.. $24 150.15 


Society Funds in Chase National Bank 41st Street.. 500.00 
Society Funds in Railroad Cooperative Bank...... 64.63 
Petty Cash (in Hands of Secretary)..-.--.-++eeeee> 5 000.00 
The 57th Street Property Fund.......-.:eeseeeere ce ceeeecces 
PGwor WiViSlOM ssc seca outs oe ove sy alpine ge oon emda Gan oewaionunns 
City Planning, Division. .......0+-++seeccee sete te nce cnetier se 
Surveying and Mapping Division.......-+++-++e++ereeeerereee 
Special Committee on Stresses in Railroad Track............--- 
Special Committee on Earths and Foundations.......---+++++> 
The Freeman Fund: 

Principal 3. v.s,.cssseee cdc ts ceteeesperes ens Be ensrerstera tan 

Income and Expense Account. ....-..+++-+++:- $1 561.70 
The Alfred Noble Fund: 

Not, Released |. nce ccc ewe sce cele cic slew sees. 
The Merritt H. Smith Memorial Fund: 

Pyincipals fo. sate save ds vale ead pemieien tae ames $1 076.50 

Income and Expense Account.......--++++++- 182.85 
The Rudolph Hering Medal Fund: ae eae 

Principal acess «ce we o view sree seis eis'sine'el siete $455 .97 

Income and Expense Account........++-++++5 49.51 


The J. Waldo Smith Fund: 
Income and Expense Account.........+.+-+- 


$29 714.78 


8 608.89 
2 424.28 
592.79 
90.00 
60.28 
659.81. 


: 
1 561.70 


55.00 


1 259.35 - 
a 


498.48 


559. 19 


$46 084. E 
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REPORT OF THE TREASURER OF THE AMERICAN SOCIETY OF CIVIL 
ENGINEERS FOR THE YEAR ENDING DECEMBER 31, 1935 


In compliance with the provisions of the Constitution, I have the honor 


to present the following report: 


Marmeonshand January 1, 1985. . <7. 06... ss cookie ee succcucns 


REcEIPTS 
From current sources, January 1 to December 31, 

GENS: o.cl Segls ra Oe eters ECR TALE Ne od $347 850.03 
itent trom 57th Street. Property. .../.............. 52 500.00 
Enterest-on Investments... 25... ees ee vce eens 2 148.64 

DisBURSEMENTS 
Payment of Bills by audited vouchers, January 1 

eopMecembersoly 198505 6k. vcsc cede ssane sen 400 704.69 

Cash on hand December 31, 19385.................. 46 084.55 


$44 290.57 


402 498.67 


$446 789.24 $446 789.24 


Respectfully submitted, 


Otis E. Hovey, 
Treasurer. 
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Term expires January, 1987 ae 
J. WILKERSON 

A, BARBOUR g 
ARLES BR. TROUT 


. AMMANN 
A. ETCHNVERRY | 
HDERICK H. McDONALD. 


| HARRISON P. EDDY _ 
SECRETARY 


¥ TREASURER 
a OTIS H. HOVEY 


ao 


: (Tan PRESIDENT OF THD 


"ARTHUR 8. TUTTLE 
| HARRISON P, EDDY 


ae "HARRISON P, EDDY 
_--« HARRY W. DENNIS 
| EDWARD P. LUPFER 


(CHARLES B. BURDICK 
eens F K. BENCH -F 


oe “IVAN C. CRAWFORD 
| HARRY W. DENNIS» 


OFFICERS FOR 1936 


| ‘Term expires January, 1938: 


GEORGE T. SEABURY 


- COMMITTEES OF THE : BOARD OF DIRECTION 


HONORARY MEMB ERSHIP 


DISTRICTS AND ZONES 


PROFESSIONAL CONDUCT 


CARLTON S. PROCTOR 


" PRESIDENT | 
DANIEL W. MEAD 


* : VICE-PRESIDENTS 
Term expires January, 1987: Term expires January, 1938: : 
HENRY HE. RIGGS ‘ BDWARD P. LUPFER : 
‘D. H. SAWYER HARRY W. DENNIS i 
DIRECTORS 


Term expires January, 1939: 
L. L. HIDINGHR 
JAMES K. FINCH 
DH, P. ARNESON 
RAYMOND A. HILL 
Cc. HE. MYERS 
CARLTON S, PROCTOR 


THHODORD A. LEISHN 
ae B. BURDICK 
Hae R POOLB 
8S. MORSE 
HRMAN STABLER 
JAMES L, FEREBEE 
IVAN C. CRAWFORD 


PAST-PRESIDENTS 
Members of the Board 


re 


ARTHUR 8S. TUTTLH 


ASSISTANT SECRETARY 
Cc. B. BEAM 


ASSISTANT TREASURER 
RALPH R. RUMERY 


SocintTy 18 ew-officio MBMBBEB OF ALL ComMMITTEDS) 


EXECUTIVE 


u W. A 
ee as ha aa _ HENRY HB. RIGGS 


D. H. SAWYER. 


‘DANIBL W. MEAD 
HENRY Bi. RIGGS 


D. H. SAWYER 
pone Ss. TUTTLE 


PUBLICATIONS 

Fr, A. BARBOUR 
EDWARD P. LUPFER 
Cc, H. MYERS 


B. A. BTCHEVERRY 
HERMAN STABLER 


CHARLES EH, TROUT 


HENRY &. RIGGS 
JAMES L. FEREBEE 


L. L. HIDINGER 


ai AMERICAN SOCIETY OF CIVIL ENGINEERS | 
COMING MEETINGS 


BOARD OF DIRECTION MEETINGS 


July 13-14, 1936: f 
A Quarterly Meeting will be held in Portland, Ore. 


4 
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ANNUAL CONVENTION — 
PORTLAND, OREGON _ 
July 15; 16, 17, 1936" |? a 


OE ee ee 


f Spee particularly those from out of sowe: are cordially invited to use this 
__ on their visits to New York, to have their mail addressed there, and to u 
: it as a place for meeting others. There is an ample file of current peri 
the latest technical books, and the room is well supplied with writing table 


